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FOREWORD 


During the inauguration of the Guha Institute of Biochemistry on. August. 
12, 1972, at the Department of Biochemistry, Calcutta University, it was decided 
to publish a commemoration volume as a mark of respect to late Professor В, C, 
Guha, the internationally reputed nutritional biochemist, who did much to- 
wards the development of Biochemistry and Nutritional Science in India, Not 
‘only as a scientist but also as an organizer of science and technology in India, 
Professor Guha gave ample evidence of his outstanding personality and leader- 
ship during his life time, 

А number of scientists from India and abroad responded to our appeal and 
contributed highly interesting scientific articles of the different aspects of modern 
biochemistry for the commemoration volume, Besides a few research papers 
Presented by eminent nutritionists of India at the all-India Symposium on 
“ Advancing Frontiers of Nutritional Biochemistry " organised on the occasion 
of the inauguration of the Guha Institute of Biochemistry, are also included 
in this volume. All these authors are cither personal friends or students of 
late Professor Guha, 

We take this opportunity to express our sincere thanks to the teachers, 
research workers, staff and students of the Department for their untiring efforts 
and support to make the occasion a success, We are also grateful to 
some of the firms : M/s. Bengal Immunity Co, Ltd, M/s, B. С, Chatterjee & 
Bros., M/s. S. К. Biswas & Со. Mis. Satyacharan Ghosh and others for their 
generous financial help towards meeting the expenses for this great occasion, 

We are indeed very much indebted to Prof. D, S. Kothari, the then Chair- 
‘man, University Grants Commission, who accompanied by his Development 
officer, Dr. 5. К. Dasgupta flew to Calcutta to inaugurate the Guha Institute 
of Biochemistry under extremely bad weather. Also we like to express 
our gratitude to Prof, 5. N. Sen, Vice-Chancellor, Calcutta University, 
who in the midst of his heavy responisbilities, kindly consented to preside over 
the inauguration ceremony. Our thanks are also due to Prof. Р. К. Bose, Pro- 
‘Vice-Chancellor (Academic Affairs), Calcutta University, for his active interest 
and advice towards the success of the function, Estee 
remember gratefully Dr, P. К. Bose, Dr. B. Mukerji, Prof. . Chakrabarti, 
Mr. 8, Kanjilal, Superintendent, Calcu University Press, for their advice and. 











PROFESSOR BIRES CHANDRA GUHA (1904-1962) 
S.C. Roy 
Department of Biochemistry, Calcutta University 


‘An essential element in the development of a person is his family background, 
social environment, сапу education and inspiration. Bireschandra Guha 
comes of а family, particularly from his maternal side, which to a great extent, 
symbolized the aims, ideals and resurgent spirit of the contemporary life of 
Bengal, if not of India, His maternal uncle late Aswinikumar Datta was a 
staunch nationalist, a patriot of lofty ideals and character and was one of the 
architects of our national struggle for independence, Born amidst such a 
family tradition and atmosphere Guha imbibed, аз he grew up, many of the 
characteristics of his illustrious uncle and his time. The eflorescence of cultural 
life and aspiration for political emancipation which followed in the wake of 
renalsance of Bengal in the earlier century, also contributed to the early 
formative period of his life. In fact these influences had an in-built effect in 
giving direction and depth to the scientific life of Guha in later days. 

Guha had а uniformly brilliant academic career a» a student of science, 
Не was naturally deawn to Acharya Prafullachandra whose austere and dedicted 
life to the cause of science also influenced and inspired him greatly. ‘The time 
when Guta joined the Science College, Calcutta University, may be considered 
in many respects as з period of efflorescence for the scicatific research in India. 
Raman, Saha, Bose, Ghosh and many others were the illustrious products of 
the period. They have not only earned permanent names for themselves amongst 
^ the scientists of the world, but also extended the frontiers of knowledge consi- 

derably. Parallel with this scientific 
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about young Guha, He was practically nurtured by Acharya Prafullachandra, 
‘who was in the true sense of the word, his spiritual father. After а brief period 
of post M.Sc. research in the University College of Science. Guha left for England 
оп a Tata Endowment Fellowship for higher studies and research. He was 

40 very bold in the choice of the subject for his future scientific career. He 
маз an organic chemist by training and discipline, At that time biochemistry 
was not much known in India except in the field of nutrition and allied areas. 
Prospect of employment on return to India was highly restrictive if not remote. 
So it required certain boldness of spirit and self confidence on the part of Guha 
to take to a path of uncertainty and adventure. He joined the laboratory of 
Professor J. C. Drummond at the Imperial College of Science and Technology, 
London, and got his Ph.D. there. He then shifted to Cambridge to work in 
the laboratory of Professor F. О. Hopkins, which was at that time considered 
as one of the world's leading centres for advanced study and research in bio- 
chemistry. Outstanding achievements of Hopkins and his group had attracted 
many young brilliant workers there from afl over the world, Amongst them 
were Albert Szent-Gyorgyi, Hans Kerbs to mention only а few, who were 
later awarded Nobel Prize and are at present regarded as architects of modern 
biochemistry, Krebs himself admits that “scientists are not so much born 
ая made by those who teach them research.” Guha had the unique advantage 
of having initial training with Acharya Prafullachandra, the father of modern 
chemistry in India and Ister with Hopkins the spiritual father of modern bio- 
chemistry. This is perhaps one of the reasons why young Guha shaped up 
зо brilliantly as а scientist in later life, Cambridge was then nt the height of 
‘scientific achievements and enjoyed the leadership of the scientific world, parti- 
ularly im atomic physics. Academic atmosphere of Cambridge was quite 
‘unique nnd exciting. Newer ideas and concepts which later revolutionized the 
whole field of biological sciences were taking some definite shape. These 
developments in biological sciences and other interdisciplinary fields also 
shaped the scientific pattern and perspective of Guha as а true scholar and 


` Guha had a very liberal training in Cambridge in the Hopkins laboratory. 
In describing the then atmosphere that prevailed in the laboratory. Kerbs writes, 
"Ht was in Hopkin’s laboratory where T saw for the first time at close quarters 
some of the characteristics of what is sometimes referred to as = Pritith ways 
of life.” The Cambridge laboratory incloded people of many different dis- 
positions, convictions and activities, T saw them argue without quarrelling. 
quarrel without suspecting, suspect without abusing and criticize without vilifying 
or ridiculing and praise without fattering." 





[vii] 

Love for his country was in the very blood of Guha, The liberal and demo- 
eratic atmosphere of Cambridge nurtured it into а more concrete and mature 
form with definite polarization for certain political philosophy. Ву this time 
he got his D.Sc. and was now ready to leave for India, Guha’s life has been 
comparatively smooth sailing, marked by uniform success and marred by no 
untoward events. This sort of successful life has also its compensatory side. 
Life untouched by any adverse condition or circumstances fails to develop 
certain toughness of mind and resilience of spirit, which alone immunize a person 
against disappointment and frustration and make him sturdy enough to pursue 
his ideals against great setbacks. When Guha returned to India he carried 
with him a little of Cambridge and its atmosphere of “contagious enthusiasm, 
broadmindedaess and imagination " and above alla деер devotion to science 
and scientific pursuits. He was full of high hopes, and aspiration, He thought 
that his scientific achievements and acquisitions will help him to get a suitable 
place for further development of his capabilities and talents. He however, 
got а rude shock when he failed to get a professorship in biochemistry in а 
research institute in Calcutta, simply because of his past political association, 
which the then allen Government looked upon with considerable askance. 
He then joined an industrial concern where scope for biochemical research 
and teaching was practically absent. Не soon left that job ‘and joined а college 
"Where teaching was at the graduate level without any research facility, All 
these had a very gnawing effect on his dynamic and superabundant spirit, Re- 
cause Guha had no hard mental schooling, it was probably very difficulty for 
him to absorb these disappointments with fortitude and patience. Не later 
got the Professorship of the Department of Applied Chemistry in Calcutta 
University but his superb training and experience in the feld of biochemistry 
was out of tune with the main objective and teaching programme of the Depart- 
‘ment. There was practically no laboratory worthy of name for biochemical 
‘research in the Department and biochemistry was at that time not even a full: 
subject for postgraduate study in Calcutta University. So Guha was extremely 
handicapped so far his research Was concemed. He lacked requisite fund and 
а good laboratory for his work, These things, however, do not come without, 
Jong and hard work. Though Guha might have heard very often from Hopkins 
МЕ сн c ba ot le a mda pec chance, but it requires systematic 








(ix) 


Various setbacks helped to develop slowly an inner dichotomy in him. Guha 
had considerable mental conflicts before he took to other professions, though 
in the heart of heart he was for science and scientific pursuits, 

For nearly ten years he filled in а number of positions not very much related 
to biochemistry. There also he showed his outstanding abilities and leadership. 
In spite of his tremendous success in the different professions and positions, 
he was the most unhappy man because of his divorce from the real scientific 
field. The present writer had many intimate occasions to have glimpses of 
his inner mind during those periods. 

Guha was also very fortunate in having for his life's consort an accomplished 
and illustrious lady like Dr. Phulrenu Guha. In fact she complemented him 
їп every respect. 

‘When his life was full with experience and knowledge garnered from the 
various walks and ways of life, he perhaps discovered or rather re-discovered, 
like Goethe's Faust that the greatest value in life, that which gives real meaning 
and the deepest satisfaction is creative achievement. Perhaps with this realiza- 
tion he returned to science fully dedicated to its cause. Не now devoted his 
‘entire time, energy and his rare leadership and dynamicism in research which 
soon bore fruits in some spectacular achievements. Не was straining too much, 

ing for his past neglect of science. He was in the height of his re- 
search activity, when the end came quite suddenly and unexpectedly. He was, 
as if, consumed by the very fire which sustained him so long, 

Many facets of his myriad mind and multiple positions he held and served 
with remarkable ability, have been delineated by people who know him more 
closely and intimately. But to the present writer he iv an outstanding scientist, 
an inspiring teacher and above all a Man and a Soul now redeemed in Self- 
Dedication. 

Let us also not forget, “ All our yesterdays have lighted men the way to the 
scientific creativity of today.” 
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CONTROL OF THE REDOX STATE OF THE NICOTINAMIDE— 
ADENINE DINUCLEOTIDE COUPLE IN RAT LIVER CYTOPLASM. 


Manton Srumus, R- L. VEECH AND Н. A. Keeps 


Metabolic Resentch Laboratory, Nuffield Department of Clinical Medicine, 

Radcliffe Infirmary, Oxford OX2 6HE, U.K., and Division of Special Mental 

Health Research, St. Elizabeth: Hospital, WAW Building, Washington, 
D.C. 20032, U.S.A. 





1. A study has been made of the ability of rat liver in vivo to maintain 
equilibrium in the combined glyceraldehyde 3-phosphate dehydrogenase, 3- 
phosphoglycerate kinase and lactate dehydrogenase reactions, 4e. in the system : 


[АТР] „ pyr ЛусегаМећудә 3-phosphate] к. 
(XDP]DEO;-]" [hiat] ^ [Sphosphoglyrerate] 





Attempts were made to upset equilibrium. The [lactate][pyruvate] ratio was 
rapidly changed by injection of ethanol or crotyl alcohol, and the value of 
[ATPJ[ADP[HPO,-] was rapidly changed by injection of ethionine or carbonyl 
‘cyanide p-trfluoromethoxy-phenylhydrazone. 2. The concentrations of the 
metabolites occurring in the above equation were measured in frecze-clamped 
liver, 3, Although the injected agents caused large changes in the concentra- 
tions of the individual components, near-equilibrium in the system was main- 
tained, as indicated by the fact that the value of [ATPJADPI[HPO,"-], referred 
to as the phosphorylation state of the adenine nucleotides, measured directly 
agreed with the value calculated for equilibrium conditions from the above 
equation. 4. The results аге discussed and taken to confirm that the order of 
magnitude of the value of the redox state of the cytoplasmic NAD couple In. 
rat liver is controlled by the phosphorylation state of the adenine nucleotide 
system. 

The redox state of the NAD couple is linked to the phosphorylation state 


ephoiphoglycerate: kinase 3-phosphat 
reactions (Veech ef al. 1970; Krebs & Veech, 1970), At equilibrium the 


_ following relation holds = 


E E RN 
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where К is the product of the equilibrium constants of the glyceraldehyde 3- 
Phosphate dehydrogenase system and the 3-phosphoglycerate kinase system 
at PHTO. By combining eqn. (1) with the equilibrium equation for lactate 
dehydrogenase a relation is obtained that can be tested experimentally 1 


[ATP] — [pyruvate] [glyceraldehyde B.pheaplate] 

DABPIHTO-]" feas] Трона Ко ® 
where K represents the product of the equilibrium constants of the glyceral- 
dehyde 3-phosphate dehydrogenase and the 3-phosphoglycerate kinase reactions 
divided by the equilibrium constant of the lactate dehydrogenase reaction, 
The calculation of the phosphorylation state from K and measuremets of the 
concentrations in freeze-clamped rat liver of lactate, pyruvate, glyceraldehyde 
3-рһоярВте and 3-phosphoglycerete gave values that agreed reasonably well 
under various dietary conditions with the value obtained from direct deter- 
minations of ATP, ADP and P This agreement indicates that the compo- 
nents of lactate dehydrogenase, glyceraldehyde 3-phosphate dehydrogenase 
and 3-phosphoglycerate kinase systems are near equilibrium i» vive, and further 
that the redox state of the cytoplasmic NAD couple is controlled by the phos- 
Phorylation state of the adenine nucleotide system. 

‘The previous work (Veech е! al., 1970) was carried ош on rat livers from nor- 
mal, starved and. specially dieted rats (high-sucrose, high-glucose and high-fat 
diets). The present experiments were designed to test whether nearequllibrium 
Án the relation expressed by eqn. (2) is maintained when the phosphorylation 
Male is upset by injection of ethionine or carbonyl cyanide p-triftuoromethoxy- 
phenylhydrazone or when the redox state is upset by the injection of ethanol 
or erotyl alcohol, 

EXPERIMENTAL 


Rats 
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Injection were given intraperitoneally under ether ansesthesia. Details 
of dose are given in the tables, Rats were killed by dislocation of the neck 
and the livers were removed within 10s and freeze-clamped (Wollenberger et ol, 
1960). Further treatment of the tissue was as described by Williamson ef al. 
(1967). As some variations in contro! values were found when experiments 
were performed at intervals of several months, each series of experiments were 
compared with control animals analysed at the same time. 

Determination of metabolites 

Metabolites were determined as follows ; lactate and pyruvate by the method 
of Hohorst et al. (1959) ; 3-phosphoglycerate by the method of Czok and. Eckert 
(1963) ; ATP by the method of Lamprecht and Trautschold (1963); ADP 
by the method of Adam (1963) ; dihydroxycetone phosphate by the method 
of Bacher and Hohorst (1963) ; Р, by the method of Martin and Doty (1949) ; 
I-hydroxybutyrate and acetoacetate by the method of Williamson er al, (1962). 
The concentration of glyceraldehyde 3-phosphate was calculated from that 
of dihydroxyacetone phosphate assuming а (dihydroxyacetone phosphate)/ 
[glyceraldehyde 3-phosphate] ratio of 9.3 (Veech er oL, 1969). The concen- 
tration of HPO,- was taken to be 60% of the total P,. 


RESULTS 





Effect of ethionine 

Injection of ethionine decreases [ATP] in the liver by the formation of S- 
adenosylethionine at a high rate (Shull, 1962; Farber et al, 1964), [ADP] 
and [PI] also decreased (Table 1). The [lactate][pyruvate] ratio increased 
2.5-fold in the ethionine-treated animals, but there was no significant change 

in the [glyceraldehyde 3-phosphate}{3-phosphoglycerate} ratio. 
‘The calculated and measured [ATP][ADPIHPO," } are in reasonably good 
(Table 1), considering the large changes in [АТР] and [ADP] and 
in the [ATP)[ADP) ratio. The latter fell from 1,51 to 0.76 on injection of 
ethionine, As there was very little change in the {glyceraldehyde 3-phosphate)/ 
ratio it follows that a change in the [lactate] [pyruvate] 


[3-phosphoglycerate] 
ratio compensates for the change in [ATPJ[ADPYHPO,"] in eqn. (2). 
` Effect of ethanol 
Дим E e a (see Forsander 
жа E I Reboucas and Isselbncher, 1961; 
and Greenberger, 19640,0 ; Freinkel ef al, 
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Although [ATP] was unchanged, [ADP] and [PJ decreased in the ethanol- 
treated animals. 

In spite of major changes in most of the components in eqn. (2), the agree- 
ment between the calculated and measured phosphorylation state is. satisfactory 
and indicates near-equilibrium in this system. 

Effect of erotyl alcohol 

'Crotyl alcohol reacts with liver alcohol dehydrogenase at about the same 
rate as ethanol, but the crotonaldehyde formed, unlike acetaldehyde, is no 
susbtrate of liver aldehyde dehydrogenase (Williamson, 1967), 

‘The change in (lactate][pyruvate] ratio was the same with ethanol and crotyl 
alcohol (Tables 2 and 3) but there were major differences between the effects of 





Table 1. Affect of ethionine on the metabolite content of rat liver, the табоҳ state of 
Me NAD couple and the phosphorylation state of the adenine nucleotide гумен, 

‘Tho rats were killed «nd the livers freete-clamped Gh after intraperitoneal injection of 

0.76 mg of Lethionine/g body wt, The rate were sa Ash before the injection. 

рано animala were Injected ‘with Q3. Noi Consemiratins um эрги in 


mol/g fresh wi. as means s xD. with the numbers of observations in ithoson. 
фе nated a 


ATP] — [pyruvate] (glyceraldehyde 3-phosphate| 
тїн; [аа [ шене усер ^'^ 
Qus Kee x00 tun. ты ши ien, er lebte tom the 
ansans of [lactate vate] and [3-hydtoxyIntyrate] [ncetoncetate] ratios (s 
Williamson (i, Hr The P ома жиз «шешне on Viet od 
Motabolite or motabotite Control Exkicnine-trvated. 
табо [t 6) P 
оз 4002 035 +045 «005 
0.021 0.006 0028. 5 
120 iin 
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the two alcohols on the [glyceraldehyde 3-phosphate]/[3-phosphoglycerate] ratio 
and on [Pi] values. The latter rose from 4.39 to 5,92 with crotyl alcohol whereas. 
it fell with ethanol. Ethanol increased the [glyceraldehyde J-phosphate]/[3- 
phosphoglycerate] ratio sixfold but there was no significant change in this ratio 
With crotyl alcohol. ln spite of major changes brought about by столу! alcohol 
the agreement between the calculated and measured phosphorylation state was 
good, 

Table 2. Effect of ethanol on the metabolite content of rot liver, the redox Mate of 

the NAD couple and the phosphorylation state of the adenine nucleotide system. 

‘Tho tala were killed 30 min. after intraperitoneal injection of 2 ш! of 1 ethanol, he 
concentrations are expressed in amol/g fresh wt., as means «s... with the numbers. 
of observations in parentheses. Tho ratios ate calculated as described in Table 1. 








Metabolite or metabolite. ‘Control Ethanol-treated 
ratio (22) (9) 

0.77 4008 
саса 0017 £0001 
1 LII 

lyveraldchyde 3. phosphate 0,0022 4 0.0001 
3-Phosphoglycerate 0092 20003 
urere pm озш 
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LAS 4017 
relire id om 2002 
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238 2008 
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‘given (5 mg.) the animals went into tetanic spasm and died within 5 min. The 
“upset of cellular organization evidently proceeds very rapidly and at the time 
‘of freeze-clamping (2-3 min after intraperitoneal injection) the degree of dis- 
‘organization was liable to differ from experiment to experiment. А repre- 
sentative experiment is shown in Table 4. 
= Both [lactate] and [pyruvate] increased oa injection of the inhibitor and 
the [laciatej[pyruvate] ratio increased from 13.2 to 23.5. [3-Phosphoglycerate] 
increased threefold but {glyceraldehyde  3-phosphate] hardly altered, йш 
fell fourfold, [А ЮР} did not change and [Pi] increased twofold, causit 
fold decrease in the [ATPJ[ADPIHPO, 

Although the changes in some of the components of eqn. (2) are greater 
than {а апу other situation tested the calculated and measured phosphorylation 

- Mates agree remarkably well. 








Tabla 3. Effect of erotyl alcohol on the matubolite content of ral liver, the lag alle 
ofthe ХА Diovpla andthe phosphorylation atate of the adenine nucleotide system, 


"The rats wore killed and the livers freee-clamped 18 min, after intraperitoneal injection. 
£1 ml of 5% erotyl alcohol, Control animals were injected with 0.9% NaCl. Con. 
‘contrations aro expressed in nmol/g fresh wt, as means + 3D, with numbers of observa. 
"ione in parentheses, The ratios ore calculated as described in Table 1, The P values 
‘wore calculated on the basis of Student's t teat. 
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Mitochondrial redox state 


D-Hydroxybutyrate] and [acetoacetate], indicators of the mitochondrial 
redox state, were also measured (усе Tables 1-4). In three of the four situations 
when the redox state of the cytoplasmic NAD couple became more reduced, 
the mitochondrial ratio also changed towards reduction, With ethionine 
(Table 1) and crotyt alcohol (Table 3) the changes were relatively small (27 
to 3.06 and 2.49 to 3,04 respectively), but with ethanol (Table 2) there was а 
2.8-fold increase in the [J-hydroxybutyrate[acetoacetate] ratio (sce. alvo William- 
son et al, 1969), With carbonyl cyanide p-triftuoromethoxyphenylhydrazone 
there was no change from the control, 


Discussion 


The experiments indicate that the system represented by eqn. (2) remai 
at near-equilibrium even when drastic agents suddenly upset either the phos- 
phorylation state (as do carbonyl cyanide p-trifluoromethoxyphenylhydrazone 
and ethionine) or the redox state of the NAD couple (as do ethanol and erotyl 
alcohol). The evidence for the existence of the near-equilibrium is the fact 
that the direct measurement of the phosphorylation state and the value cal- 
‘ulated from K and the concentrations of the intermediates on the right-hand 
side of eqn. (2) agree reasonably well. 

‘An analysis of the factors that contribute to the maintenance of the equiti- 
brium shows that the change in the (lactate) [pyruvate] ratio is the same as the 
change of the factor [glyceraldehyde 3-phosphateJADPIHPO,'-){3-phospho- 
Cape Since the phosphorylation state tot constant under the 

different experimental conditions, it follows that the ratios. [lactate] [pyrovate] 
and [glyceraldehyde 3-phosphate//{3-phosphoglycerate}] or [glyceraldehyde 3- 
ISJHPO,-VD-phosphoglyeerate] do not always move іп parallel. 


phosphat 
This is noteworthy because other cytoplasmic redox systems, eg. (glycerol 3- 
phosphate) are known to change in parallel with 
ratio because they are at equilibrium with the same 
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from those of the cytoplasm (Klingenberg er al., 1969) but this is not of major 
‘significance in the present context because the matrix space constitutes probably 
по more than 6% of the total liver space, The mitochondria occupy about 
20% of the liver space (Lehninger, 1964) and the matrix is only about 30% of 
the total mitochondrial space (Pfaff er oL, 1968). 








Table 4.. Rifect of carbonyl суни piriftecrometheaygAenyiydvoaone en (he 
content of rat liver metabolites the ruslar ate of the NAD couple амі the 
phosphorylation stats of the adenine кейем, ater 


‘The rat was killed 2:3 min. after intraperitoneal injectionof 5 mg. of carbonyl eyanide 
gririlaoromsthaxyphenyl-hydesaone. Control animals were injected with 0.0% NaCl. 
The coneentestions are expressed in pmoljg fresh wt. For reasons stated in the text 
‘the carbonyl cyanide p-trituorometbotypbeny Iydrssone valves ate for one experiment. 
The ratios aro calewiated as described in Table 1 


‘Carbonyl eyanide 
^ А 
Motabolite ог metabolite Control ғ 
ratio e " 
030 +000 108 
992 2001 018 


MS +з ЕТ 
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the phosphorylation state is controlled by the redox state. However, there аге 
good reasons for assuming that the phosphorylation state is the master factor. 
The ander of magnitude of the phosphorylation state of the cytoplasm is cone 
trolled by oxidative phosphorylation and by the translocation of the adenine 
nucleotides between mitochondria and cytoplasm. Oxidative 

because of the obligatory coupling of oxidation and phosphorylation, is so 
adjusted ax to maintain a standard phosphorylation state (LATPIADPIHPO;-) 
in the cytoplasm of between about 200 and 1000, No explanation has as yet 
buen put forward why in the starved liver the value for the phosphorylation 
state is lower than in well-fed liver. Factors responsible for variations within 
the above range may be the rate of ATP consumption and, as the plesent exe 
periments show, the” availability of reducing (or oxidizing) substances in the 
celi. 

Although, thea, finer details of the regulation of the cytoplasmic redox 
state are still unknown, it is reasonable to consider oxidative phosphorylation 
as the master process controlling the redox state of the NAD couple, The 
redox state, generally speaking. is therefore а consequence of the phosphoryla- 
tion state, The reverse sequence of events postulating that changes in the redox 
State regulste the phosphorylation state is hardly feasible, although the redox 
state of the NAD couple, by affecting the concentration of the substrates of 
‘oxidative phosphorylation (NADH) may, within limits, modify the value of 
the phosphorylation state, » 

This work was supported by a grant from the Medical Research Council 
aad by U.S. Public Health Service Grant No. AM11748, 
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А PRIORI APPROACH TO THE SOLUTION OF 
BIOLOGICAL PROBLEMS 


DaviD Е, GREEN AND SUNGCHUL Ji 


Institute for Enzyme Research, University of Wisconsin, Madison, 
Wisconsin $3706 


During the past several years our laboratory has concentrated on two main 
problems—the molecular principles of membrane construction and the mecha- 
nism of energy transduction in biological systems. Our efforts on each of 
these two problems have followed а similar course, First we embarked on a 
search for а principle and then zeroed in on a principle sufficiently versatile to 
rationalize the existing body of experimental information—the bimodal principle 
for membrane construction (1-3) and the electromechanochemical principle 
for energy transduction (4, 5). As we have reflected on the approach which 
was taken in arriving at the respective principles and in testing the accommoda- 
tion of the experimental data to these principles, we recognized that we had 
introduced a new dimension in the tactics of problem solving. The present 
Article is addressed to this new dimension which we have elected to refer to as 
the а priori approach to the solution of biological problems. 


L THEORY oF THE a priori METHOD 


There are two approaches to the solution of scientific problems—the classical 
ог inductive method and the a priori or deductive method. Scientific problems 
may be divided into two classes ; those which can be solved by the inductive 
method and those which cannot at any given period. The latter problems 
can only be solved by the a priori method. The inductive method involves 
‘extracting the correct conclusion from a set of experimental observations based 
оп established physical principles and rigorous logical reasoning. Of primary 
importance in the application of the inductive approach аге the appropriateness 
of the physical principles invoked and the soundness of the logical processes. 
Given these two conditions, the correct conclusions follow automatically from 
experimental facts just as input data can be transformed into output information 
їп a predictable mannar by an electronic computer. We will refer to scientific 
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problems which are amenable to inductive solution ax "imple" problems 
‘and to those which can be solved via the a priorf method as “ complex" prob- 
Jems. The solution to a complex problem by our definition lies beyond the 
capability of the inductive method. Tbe question of what constitutes the 
‘distinguishing features of simple and complex problems as defined here is an 
important problem from the point of view of the philosophy of science. Simple 
and complex problems may be distinguished on the basis of at least two criteria : 
(1) the number of variables actually implicated in a problem as compared to 
the number of variables experimentally measurable and. (2) whether the solution 
1o а problem presupposes the validity of the existing theoretical framework or 
Îs sought outside of the paradigm (7). In certain cases these two criteria may 
not be mutually exclusive but overlap each other, In terms of the first criterion, 
simple problems may be regarded аз chose problems for which there are suffie 
cient experimental and/or theoretical data for arriving at a unique solution 
based on inductive logic, while complex problems may represent those problems 
for which there are incomplete experimental and/or theoretical data so that 
inductive logie leads to multiple solutions. Та the light of the second criterion, 
sismple problems may be thought of as those problems whose solutions аге 
designed either to confirm or at best to refine the existing paradigm, whereas 
complex problems involve solutions that are no longer predictable nor fore 
mulstable within the paradigm and thus lead to the establishment of a new 
theoretical framework. 

‘The a priori method encompases two distinct phascs—the initial phase when 

а solution to а complex problem is conceived of in terms of a model deduced 
from available experimental information plus intuition (the" pre-model phase ") 
and the final phase when the model is tested in terms of its ability to fit theory 
to facts, to organize a wide variety of experimental data into a set of interrelated 
Gategorics and to predict new experimental results (the "post-model phase"). 
‘Whereas the solution to a simple problem is validated by the rigor of the in- 
ductive logic aad the soundness of the physical principles invoked, the solution 
to a complex problem cannot be validated unambiguously in a similar manner, 
“and hence requires a whole new tactic. The proof of the solution тоа complex 
‘problem involves showing the ability of the model to fil." to "organize" 
and to " predict”. As mentioned above, these three capabilities are the deduc- 

‘of the model. The a priori method consists of both the inductive 
‘the pre-model phase and the deductive component in the pose 

Pe летот тай а priori approach | involves а third component 
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solution. The characteristic features of the inductive snd the а priori methods 
зго schematically shown in the following equations : N 











INDUCTIVE METHOD 
Experimental аира re bage А unique 
data SS ite 
A PRIORI METHOD: 
Beperimental | inductive metod + NRI rr 
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Tt is to be noted that the inductive method starts with experimental data and 
ends up with а solution whereas the a prior method begins with experimental 
data, progresses to a model and then retumis 10 the experimental dats in the 
fitting process. The deductive aspect of the a priori method is necessary because 
the pre-model phase involves am extra-logical “intuitive jump". 
There are two different seis of ground rules applicable to the two methods 
Of scientie rasearch. In the application of the inductive method the exereite 
OF one’s intuitive capacity is taboo, And yet this very faculty plays a critical 
- role În the practice of the a priori method as shown in Equation (2). In the 
evalitntion of the model achieved via the a priori method, therefore, the im- 
partant question to ask is not how one arrived at the model but how well the 
en O ae This question of Miting assumes a fundamental 
се İn the a priori method, whereas the fitting process is not ax critical 
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by the classical inductive approach. This also means that any proposed solution 
to a complex problem arrived at deductively via the a priori method must be 
evaluated in the light of а new standard distinct from the standard applicable 
до the solution of simple problems. Scientists trained in what T. S. Kuhn (7) 
refers to as normal science ore well versed in the standard by which solutions 
to simple problems are to be judged. Their training, however, does not provide 
any feame of reference when it comes to evaluating solutions to complex prob- 
lems, If they were to apply the paradigm standard to complex problem solving 
they would most likely experience disillusionment and confusion, Such un- 
desirable consequences can be avoided only if investigators are aware of the 
differences in the ground rules to be observed in solving simple versus complex. 
problems. One important difference between the two standards is that solu- 
tions to simple problems are formulatable in rigorous details but solutions to 
complex problems аге not always so expressible, In the latter case, it is often 
necessary to employ detailed detcriptions merely as heuristic devices as long 
as they are instrumental ia conveying the central concept underlying the solution 
of a complex problem. 

In applying the а prior! method to complex problems such as the molecular 
principles of membrane construction, it became necessary at the very start to 
‘come to grips with the question of the universality of biological principles, 
‘Are all membranes constructed on the same principle or is each membrane а 
law to itself? Our view has been unambiguously that the principles which 
underlie the fundamental biological phenomena (the genetic code, the coenzymes, 
‘energy transduction, citric cycle, ATP as an energy donor, etc.) are universal 


з insuperable burden on any proposed principle, in practice this 
is enormously useful since the wide variety of membrane systems 
mature makes it easy to check and double check the fit of the model 
‘experimental facts. Moreover, the requirement of a general solution 
‘membranes helps to emancipate the investigator from the shackles of 
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nantly nonpolar (1-3) ; (2) the intrinsic proteins of membranes are bimodal 
whereas the extrinsic proteins (the proteins associated with or attached to but 
not intrinsic to the continuum) are not (3); (3) proteins and phospholipids 
are arranged in paired arrays within the membrane continuum (1-3) ; (4) the 
pairing of proteins and phospholipids Jesds to separate domains of protein and 
lipid and to potentiat crystalline properties of biologics! membranes (3); and 
5) the double tier character of membranes provides an ideal arrangement for 
generation of an electric potential by charge separation (4) It was not until 
the bimodality of membrane proteins was recognized that these simple but 
fundamental properties of membrane systems were recognized. Surprisingly 
‘enough, the experimental foundations for each of these five developments has 
been laid for some years but until the fog of imperfect and constricting theory 
‘was dispersed, the true meaning and implication of the facts could not be re- 
ognized. 
IL. Grearauists AND тив а priori матиор 

The practioner of the a priori method has to be a specialists in fitting theory 
to experiment and this role calls for a special kind of training and prepatation, 
The professional theoretician and the highly specialized experimentalist re- 
present the two extremes of the spectrum of skills which the practioner must 
avoid, The middle«man role of fitting theory to experiment requires the capa- 
bility to search out and comprehend the wide range of physica) theories that 
have to be considered in the selection process. But the development of physical 
theories is an activity apart from the application of these theories. What we 
are suggesting Ís that the fitting process requires a generalist approach and that 
the style required for the rigorous development of physical theories is hardly 
conductive to the growth of a generalist. Much the same kind of considerations 
apply to the experimental realm. The practioner of the û priori method must 
be a connoisseur of experiment and the experimental method. He cannot 


тшй be aware of the totality of 
кары эр е аы ыы NY specialized ex- 

may hardly be the ideal preparation for the fitting role of the 

fi ai oria The myopia and the limited horizons which 
‘extreme specialization in the experimental sciences 
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TI. PROBLEM SOLVING AND THe TACTICS OF RESEARCH 


There is а fallacy commonly accepted not only by laymen but by many 
sclentists and administrators of resenrch funds that given enough investigators 
and support, all major problems of biology ге. complex problems) сап he 
rapidly solved. Tn fact a strong csse ean be made for the opposite thesis, namely 
that the greater the number of investigators concentrating on a given complex 
Problem. the less is the likelihood of а soliton within.» reasonable period. 
‘The explanation for this paradox is that when a large number of investigators 
Concentrate on the same problem, cliches ef theory inevitably become canonized 
And the activation energy required to break out of these cliches becomes so 
lárge that progress soon grinds to а halt. The theory of membrane stricture 
Provides a good example of just this paradox. The number of investigators 
who have concentrated on the problem of membrane structure is legion. Since 
arly 1930 the Davioc-Danielli model (9) had become the accepted model of 
membrane structure and this domination of biological thought by the model” 
‘was complete for soms 30 years. Abhough evidence has been mounting for 
the past decade that the model could aot accommodate the hydrophobic nature. 
of lipid-protein binding or the hydrophobic character of intrinsic membrane 
proteins, such was the power of entrenched dogma thst until very recently 
dissenting voices found no forum either in the established journals or in national 
and international conferences. That this type of rigidification is common 


in selenee is of course well knows (7). The point at issue is not to emphasize 
а traditional weakness of the scientific establishment but rather to suggest a 
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the membrane field, the weaknesses of the unit membrane model would have 
been recognized long before the late sixties and the search for a better model 
would have been initiated at least сеп years earlier than has been the case. Prob- 
lem solving is more than diligent and rigorous experimentation. The tactical 
‘component in research is crucial. It is for this very reason that the a priori 
method of problem solving can play a vital role in the scientific effort. For 
it is only this method that is capable of pointing up the faulty cliches of con- 
temporary thinking and of focussing on the fit of experiment and theory. Ex- 
perimentalists often show the most tolerant attitude to theory which has become 
superannuated by the facts. 

Perhaps it would be appropriate to consider the problem solving capability 
respectively of the classical inductive method and the а priori method. This 
directional quality is relatively low in the former and high im the latter, One 
can experiment widely and effectively without thinking about solving prolems 
but it is virtually impossible to practice the а priori method without thinking 
about or planning for solutions. In that sense the a priori method has a direc- 
tional arrow often lacking in the classical inductive method. 
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ACADEMIC ASPECTS OF APPLIED RESEARCH 
ОМ FOOD PROTEINS 


N. W. Pour 
Rothamsted Experimental Station, Harpenden, Herts, Britain 


In every country, regardless of its state of development, biological research 
should, among other things, be useful. Each scientist engaged in it should be 
ready to explain comprehensibly and convincingly how what he is doing may 
be expected to improve the nutrition, health or comfort of the community. 
Quesnay, who found the "Physiocratic School" in the 18th century, main: 
tained that the whole of society was parasitic on farmers; that may be an 
extreme position. But it is undeniable that food is a more fundamental re- 
quirement thsn clothing or housing, and peoples’ food needs are much more 
uniform than their real or imagined medical needs, It would be reasonable, 
therefore, to give precedence to the study of food production in the hope that, 
by the end of this century, the supply will be adequate throughout the world. 

Although use should be its primary purpose, research will not be successful 
if it is planned too narrowly. Both for the intellectual satisfaction of the scien- 
tist, and for the logical development of the subject, some exploration in depth 
is reasonable. Furthermore, the work need not necessarily be planned so as 
to yield practically applicable results immediately—work is useful even although 
applications may not flow from it for 10 years, The appropriate division of 
effort between work for which an immediate application can be seen, work 
With longer-range application, and work undertaken 10 round-off the subject, 
will depend on the resources that each community is prepared to devote to 
research. 


In technically developed countries, the amount of money, per head, spent 
‘on applied research is greater than in the developing countries. Bul, because 
of greater affluence, зо much impractical research is also done than it tends to 
dominate the research scene. Most of this impractical research shows little 
originality and may not even present much evidence for the scientific competence 
of those involved in it. One gets the impression that a certain species, or enzyme 
is being studied for no better reason than that no one has higherto taken the 
trouble to study it. This is what fill—one might say clutters—the literature, 
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all conventional There is, admittedly, з random element. Something novel 
тау emargs sod be noticed. This is just as likely to happen in thoroughly 
practical research ; especially їп а new environment A country without 
extensive research endowment should be wary of following the bad example 
set elsewhere. Only the wealthy can afford to run a scientific band-waggon. 
А real difficulty arises over who is to judge, and the only satisfactory solution 
is self-criticism. How practical this solution is, is debatable. No one would 
wish to discourage an academic research worker who has a genuinely original 
concept or method ; however, those who supply the money are entitled to call 
for more evidence for genuine originality than is usually called for in affluent 
countries, Judging from the incidence of genuine originality in affluent coun- 
tries, it would not be reasonable to expect more than 2 or 3 for each million 
of the population. 

Experience suggests that there is a correlation between the originality and 
initiative of scientists and their ability to get interesting and novel results with 
simple equipment. In all countries, most of the grumbles about the absence 
of expensive equipment come from the less imaginative: they may be safe- 
‘guarding their self-esteem by blaming the facilities for their own lack of pro- 
ductivity. logical administrators have sometimes suggested that originality 
could be stimulated by worsening the conditions for reaserch, That is ob- 
viously absurd. The fact remains, however, that successful research depends 
оп the people who are doing it rather than on the equipment with which it is 
done. Without certain types of equipment, certain types of research cannot 
be undertaken. But there are other types of research. It is woth bearing 
in mind that the research on which the present agricultural prosperity of Western 
Europe and USA depends was done with facilities and equipment that now seen 
primitive, It is also worth bearing in mind that many of the carly attempts 
to set up self-sustained European settlements in Australia and USA, countries 
now embarrassed by food surpluses, failed because of starvation. There is, 
therefore, no reason to think that countries that have got into the habit of 
importing much of their food, will not become self-sufficient when adequate 
applied research is done. This research is often approached unreasonably 
timidly. The productive attitude is : “ this problem will be solved by someone 
sometime, it might as well be solved by me now.” 

‘The carly emigrants from Europe, contending with the problems of the 
countries in which they were trying to establish settlements, had one immense 
advantage over those who are now trying to improve nutritional and other 
standards in somewhat similar countries—they were compelled to be self-reliant 
‘because there was по one else to whom they could turn for help. Had there 
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been International Agencies and "experts," these carly emigrants would no 
doubt have striven less and asked for help more, They were no more intelligent 
or hard-working than people today and their moral and ethical outlooks were 
often deplorable. Circumstances forced them to develop the necessary new 
techniques of farming. 

Reliance om "expers" has two disadvantages : it damps local initiative 
and "experts" are seldom expert enough. An expert can usefully be called 
їп to do a standard Job that is precisely the same as one already done elsewhere 
—that amounts, in effect, to installing а piece of equipment. The equipment 
‘may not be suitable for the job intended, but the process of installation will 
probably be impeccable. The real problems of agriculture are seldom of this 
type because the conditions in one region arc seldom identical with those in 
which the "expert" gained expertise. Visitors to developing countries are 
told many stories of “ experts” who, after a brief inspection, have advised the 
ше of certain crops or methods and then have gone away without waiting 10 
жес how mistaken the advice was, These stories are often told as jokes at the 
‘expense of scientists. This is a pity because the people concerned were not 
being scientific. The scientific approach would be for the adviser 10 say “1 
have seen land and climatic conditions somewhat like this where such-ands 
such a procedure was successful. Let us try it on а small scale, see what happens, 
try it next year on a larger scale, and so on." Two pionts are important, Un- 
less the adviser is familiar with similar conditions, the advice given. could, more 
‘economically, have been culled from books, The adviser should look оп what 
he is doing as an experiment and remain in contact with it until a conclusion 
‘has been reached. Otherwise, the same mistaken advice may be given repeatedly, 

Academic scientists, especially when they lack prolonged personal experience 
of the eviponment in which their advice might be followed, should therefore 
hesitate before offering advice, even in the cautious style ™ these are things that. 
should be tested,” rather than “these are things that should be done". Му 
selection of food proteins as an area of practical importance is not meant to 
suggest that the protein component of a diet is more important than energy, 
‘vitamins or minerals. All are essential. But it will probably be more difficult 
to ensure world-wide adequacy of protein than of these other dietary com- 
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Of animal that are not ideal. Work on the animals, possibly involving the 
domestication of novel species of ruminant, and of non-ruminants such as the 
capybara and kangaroo, will be expensive and will need elaborate organisation. 
Work on nutrients and plants is simpler and could start at a University, using 
pots holding as little as 500 g of savannah soil cach, and then be extended to 
plots at some convenient site in the savannah, This is how the right treatments. 
for unproductive soils in Britain, USA and elsewhere were found ; enough 
has by now been published for the work to begin immediately. A point that 
must bz recognised at the start is that no зой can remain productive for long 
if its product is removed for consumption elsewhere. Soils differ in the length 
of time for which they will tolerate " mining " or " quarrying, " but ultimately 
the elements that are being removed must be put back. The defect of many 
leached inland tropical soils is that their supply of some of the nutrients is al- 
ready exhausted so that a state of affairs that would arise only after several 
years of exploitation in more favoured sites, exists at the very beginning. 
This work will involve testing hundreds, or even thousands, of different 
plant and fertiliser combinations, and many scientists regard such work as 
unglamorous and without the up-to-date tone of studies on the minutiae of the 
behaviour of RNA, DNA etc, which have now become the routine in labo- 
ratoriés in Europe and USA and fill the international journals. It should be 
borne in mind that it was just such practical work that established the well- 
deserved reputations (e. Fellowship of the Royal Society) of the scientists 
who cleared up the problems of cobalt deficiency. As more bio-clements arc 
discovered, it naturally becomes more dillicult to find new ones, But the roster 


"Topical. пыл forest is another immense underexploited regio. Whea 
cleared and farmed in а conventional manner, the unprotected soil tends to erode, 


that will flourish in regions where it rains nearly every day, so that sced-crops. 
have difficulty ripening, parts 
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(or even harmful) component. The point merits investigation. A protein- 
rich yam would be very useful ; but it would not completely solve the problem 
of erosion because it would not give complete ground-cover throughout the 
‘year. 

In many paris of the world, cover-crops are used to prevent erosion—but 
they ore then wholly or to a great extent, wasted. Research directed at finding 
a protein-rich food crop that maintains continuous ground-cover is urgently 
needed. Ideally, ii would be a pereanial, part of which can be eaten without 
more processing than can be managed in the kitchen. The yield from such 
а crop would probably be small. A crop from which leaf protein can be ex- 
tracted would given a greater yield though of less familiar material When 
Guha was working in Cambridge, we often met because we shared an unwilling- 
Mew о be constrained by conventional working hours. Conversation ranged 
widely : from immediate political matters, through the social value of scientific 
research, to more esoteric themes such as the vitamin research on which he 
was engaged. and the work on plant viruses that 1 was starting. The need for 
new sources of protein was one of our themes. When the war caused a slight 
food shortage in Britain, and intensified the food shortage in India, we both 
began extracting leaf protein on a technological scale. Other responsibilities 
diverted Guha from this work, but I have continued it. 

At Rothamsted we can get 2 tons of extracted dry protein from a hectare 
in a year (Arkcoll, 1971), the yield is 3 tons in Mysore ; it should be possible 
to get $ tons in а region wit regular rainfall and no period of cold weather. 
The process of extraction and purification is simple enough to be used in а 
large village, and the product has better nutritional value than any seed protein 
(references to papers dealing with leaf protein are in Pirie, 1969 ; 1971). Careful 
agronomic work is now needed to. design systems of husbandry that will give 
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аге large enough to give a useful harvest, the protein extracts poorly. Poor 
extraction can arise in different species from many differen causes. Some- 
times the trouble is physical and could be overcome by more vigorous pulping 
ог by digestion with cellulase—a still underexploited enzyme (Pirie, 1953). 
Acid leaves, such as sisal, might be satisfactory if pulped in the presence of 
alkali. Extraction from the mature leaves of some plant varieties and species 
is impeded by polyphenols and other tanning agents, the difficulty may be 
cireumvented by using younger leaves or other varieties. Work on these factors 
is not of interest in connection with leaf protein extraction only, for they are 
also responsible for the rejection of many species as forages or vegetables. 
Plants are now often dismissed as ” unpalatable” or “not suitable for protein 
extraction without any effort being made to identify the defect. А thorough, 
academic, study of the defects in some at-present unuseable species is an essential 
prelude 10 agronomic work on optimal conditions for their husbandry 

The essence of these suggestions is that the skilled academic work that is 
now done on plant breeding. physiology and biochemistry would become more 
useful, and be no less interesting scientifically, if it were prompted by a recogni- 
tion of the protein shortage and а realisation that the better use of plants will 
contribute to removing it. The lines of work suggested would fit easily into 
the usual departmental divisions of a University, and a reasonably energetic 
student should be able to get definite results within two or three years. Some 
other potentially useful lines of work would not be so easy to accommodate, 

Several publications suggest that a plot carrying a mixture of plant species 
or varieties can outyield a plot with only one. The point should be cleared 
up because it із of great theoretical, and possibly practical, importance, Detri- 
mental exudates and effluvia are well known : are there others that promote 
growth in natural conditions? Hitherto, work on the subject has been 
adequately replicated and controlled : any research now undertaken should 
be impeccable. 

Tropical waterways are constantly threatened, or invaded, by water weeds, 
It is widely assumed that these weeds are useless and that cutting or the use of 





оп performance. It may be that the hyacinth would need pre-treatment, eg. 
chopping, crushing or heating. This work could, therefore, conveniently form 
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part of any programme of leaf protein extraction, Guhs extracted protein 
from hyacinth and it has been extracted by others recently. The important 
point.is to test the assumption that the only thing to do with a weed is to try 
to eliminate it. As with mixed cropping there are several inconclusive papers 
‘Mating that hyacinth and other weeds are good feeds, and that manatees will 
thrive on them and, at the same time, keep canals clear. These points will 
need to be established unequivocally 

These suggestions are illustrative rather than comprehensive. They refleet 
my personal interests. and those with different interests would have produced 
эп equally relevant and academically interesting set dealing with other sources 
‘of protein, For example Jaffe (Venezuelan National Program in the Inter- 
national Biological Program, 1968) is examining 400 varieties of Phaseolur 
vulgaris tò see whether any of them contain protein richer in methionine than 
the beans that are now extensively used. Other seed-bearing plants could 
usefully be surveyed in a similar manner because methionine deficiency is a 
common defect of seed proteins, but there seems to be no reason to think that 
plants operate under a general constraint on their use of methionine. It is 
relatively abundant in ihe seed protein in some varieties fo maize (Fowden 
and Wolfe, 1957). 

Micro-organisms are being intensively studied for use as animal fodder. 
Many of them would probably be useful human foods if grown on molasses 
and some other wholesome agricultural by-products. This research will offer 
scope for considerable biochemical ingenuity, because micro-organisms differ 
im their ability to use different carbohydrates and agricultural by-products 
contain а variety of carbohydrates. Efficient production will depend on making 
the correct matches. 

Clearly, there are many problems worthy of investigation: equally there 
are many reasons why they are not investigated. The search for novel protein 
sources, of indeed for any new types of food, is often regarded as a job for 
industrialists rather than academic scientists. Since the time of Hippocrates 













it has been obvious that food and health are closely connected, Evidence is 
now accumulating that it would be cheaper (to put the matter on the сгоден 
basis) to feed people better, and so prevent much disease, rather than rehabilitate 
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All will be well if existing methods are applied more efficiently and over s greater 
area, The tenuous rational basis for this assumption is that conditions in 
Britain are now tolerable, whereas 150 years ago they were similar to those in 
much of the developing world today, But the circumstances are not comparable, 
British prosperity depended on a world market for the products of the Indus- 
trial Revolution, and there wore few competitors in it, There was abundant 
under-exploited land overseas from which food could be imported and, as Eric 
Williams (1944) cogently argues, there was the slave trade, Developing coun- 
tries have none of these advantages, They will have to produce the bulk of their 
‘own food and, with poor communications, they will have to rely on medium 
scale production units, using local resources to satisfy local needs. 

Some support for the idea that the food supply will soon become adequate 
everywhere, comes from the "green revolution," Valuable as this "revo- 
lution is, it must be borne in mind that what it has produced so far is mote 
maize, rice and wheat—all cops that are deficient im portein, Ms success 
could abolish hunger but replace it by malnutrition : a step forward rather 
than a final solution, The "green revolution” started when expert research 
in tropical countries, which had hitherto been devoted almost exclusively to 
cash-crops for export, was directed towards food crops. This paper is a plea 
that its momentum should be maintained and that attention should not be 
limited to cerel seeds. 

The “green revolution” illustrates an important principle in research. 
Progress depends as often on the realisation that a generally accepted ide 
false, as on the observation of a new phenomenon. A wise Taoist aphorism 
runs “ when you can see a reason for doubting, at а point where people have 
not hitherto doubted, then you are making progress.” The development of 
short-strawed wheat and rice could not start until plant physiologists had got 
rid of the illusion that grain yield depended mainly on pre-existing leaf: it 
depends rather on new photosynthesis in the neighbourhood of the grain. This 
was observed many years ago but practical use was not made of the information, 
There have been many other examples of delayed application caused either by 
illusion or lack of imagination. Belief in the more-or-less magical virtues of 
dung delayed the use of “artificial” fertilisers for 60 years; unwillingness 
to accept clear evidence that part of the nitrogen requirement of ruminants 
‘can be met by urea delayed its use by 40 years ; and belief that animal proteins 
are of necessity superior to any plant protein now interferes with the more 
widespread use of plant proteins. Jensen (1967) gives some other examples. 

‘The “ green revolution * also illustrates a disquieting feature of the academic. 
and agricultural scene. It was not brought about by scientists born in the 
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countries that need extra food—they were busy with more remote and imprac- 
tical aspects of plant physiology. 1t could indeed be regarded as "scientific 
colonialism perpetrated їп a good cause. One reason for this, which is 
regularly commented on and deplored, is the tendency of scientists, returning 
to а developing country after a period of training elsewhere, to try to. continue 
with the line of work they had been following in the affluent country, A more 
serious reason is lack of official appreciation of agricultural and other bio- 
logical potentialities. Students follow this bad example: fewer than $% 
маву agriculture in the universities in developing countries or in the univer- 
sities abroad to which they go for further training. For as long as villages 
are neglected and governments think of development in terms of urban indus- 
trialisation, this attitude of the students is reasonable. They regard education 
as a way to escape from village life—not to improve it 

The tendency to hold agriculture, and even science in general, in low esteem 
is not confined to developing countries. According to the US President's 
Science Advisory Committee report on " The World Food Problem" (1967), 
scientists engaged in agriculture in the USA are paid less than any other group 
of scientists, and in the British civil service an administrator is seven times as 
likely to get £5,000 a year as is а scientist (Profitt, 1967). But things may be 
changing. The Minister of Agriculture of one developing country was recently 
quoted as saying " Now 1 can get the Finance Minister to return my phone 
calls." 

A sound principle governing research in developing countries is “if the 
‘work could just as well be done in an affluent country—it should be done there.” 
The laboratory space and human skill of developing countries will produce 
the most useful and original results when applied to problems peculiar to these 
regions. But the final presentation must be complete and unassailable. There 
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BIOCHEMISTRY AND SPECTROSCOPY 
R. A. MORTON 


Univenstry оғ LIVERPOOL, ENGLAND 


Success in the isolation and characterization of natural products presents 
biochemistry with a great and growing range of problems. It is not merely 
that the number of naturally occurring organic compounds is so large—one 
only has to think of the alkaloids—there is also immense variety and com- 
plexity in structure, 

Newly-described natural products are merging almost daily, from micro- 
organisms, terrestrial plants, animals and aquatic organisms of all kinds. There 
1s every prospect that the flow of new substances will continue and accelerate, 

The reasons behind this flood of compounds inclue (a) improvements in 
methods of isolation, such as different sorts of chromatography (b) better ways 
of determining molecular size and (c) advances in methods of ascertaining 
structure 

Some of us began our researches in the "nineteen-twenties" when it was 
necessary to folate enough of a new compound for ‘macro’ С, Н and N 
determinations and for carrying out cryoscopie or ebullioscopic molecular 
weight determinations. Oxygen was obtained by difference ! Ultraviolet and 
infrared absorption spectra could only be measured laboriously and slowly, 
while the corpus of knowledge was often too small for more than tentative 
interpretations. Structural studies still depended on classical methods of 
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circular dichroism afford further diagnostic assistance. Biochemistry, faced 
with new compounds having defined structural characteristics, tends to be 
concerned with some of the following matters :— 

(0 Biosynthesis, Whether the compound is derived for example 
from a plant, an animal or a micro-organism its origin poses many 
problems.  Biochemists may devise experimental approaches using 
isotopically-labeiled likely precursors so that intermediates may 
be isolated and characterised, using inter alia several spectroscopic 
methods, 

(i) Function, Мапу new compounds are isolated because а blo- 
logical effect has been discovered first. Monitoring by bio-assay, applied 
classically in vitamin studies, is now evident in research оп pheromones, 

In other areas compounds have been isolated without the help of any 

biological response and functions have to be looked for. Antibiotics 

have been "screened" and useful properties revealed but the study of 
function within the source organism is only in йз early stages. It should 

be noted that some antibiotics are known to act as specific inhibitors, 

e.g. at defined stages in the respiratory chain, and such compounds may 

‘be more valuable as research tools than as therapeutic agents. 

(И) Metabolism, Ingested compounds undergo change within living 
organisms, e.g. animals can * detoxicate” foreign Substances їп the liver 
{although the metabolism can sometimes result in increased toxicity) 

(W) Pharmacological properties. New substances may possess 
"beneficial" effects but before they can be brought into wide use they 
need to be tested for toxicity, carcinogenicity, teratogenicity and muta- 
genic potency. 

(0 Detailed modes of action. Biochemistry is now rich in arrays of 
metabolic pattems and once a biological property has been defined as 
due to a new substance the evidence needs to be fitted into а varified 
‘metabolic scheme or schemes, 

‘Analytical chemistry has reached а new level of sophistication and very 
small amounts of * active * substances can often be determined. The implica- 
tions for biochemistry are very broad. Two may be mentioned here, first 
that analytical biochemistry must be kept up to a similar standard and second 
that the selection of problems for biochemical study becomes increasingly critical 
when programmes could be enlarged almost indefinitely. 
` The above lines of thought can be illustrated by the role of spectroscopy 
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1. Poly-enes. poly-ynes and poly-enynes 

(а) The ultraviolet absorption spectra of linear conjugated polyenes 
R-(CH=CH), —R' show peaks near 220nm. («,,, са. 20,000) when n=2, and 
as п increases the absorption is displaced to longer wave-lengths, eg. to 330, 
340, M0 and 372 nm. for the hexa-cne (а= б). A carboxyl group has an addi- 
tional bathochromic effect if conjugated, ep. CH, CH, CH, (CH=CH), СООН 
shows А... 260 nm. whereas the insulating effect of CH, is clear 

CH, CH, (CH - CH), CH, COOH э, 2280m. 
There is much information on the spectra of conjugated poly-enes and it falls 
into a clear pattern, 

(b) The spectra of poly-yoes present a similarly coherent picture. The 
family of compounds 

CH, - (Cac), -CH, 
exhibits in cach member one set of weak absorption bands and a second set 
of very strong bands. The strong bands occur at shorter wavedenghis, e.g. 
the dimethylpenta-yne shows a very strong peak at 260.5 nm, (352,000) with 
subsidiary peaks at shorter wave-lengths with separations са. 2000- 2300cm. "', 
The weak peaks, showing similar separations, occur between 300 and 3940m, 
with « values 100- 500. 

The hexa-yne and hepta-yne spectra are basically similar, the location of 
ench of the two groups of bands showing a bathochromic shift for an increaes 
in m. The intense bands show big increases in su as m increases but the 
weak long-wave bands do not. The positions, intensities and separations 
(Sem, >") are all diagnostic of the chain length of poly-yne chromophores, 

(e) Compounds that contain conjugated olefinic and acetylenic groups 
‘exhibit similar resolved absorption spectra. Sufficient compounds of known 
structure have been examined to allow x, у and г to be identified from the spectra 
of new poly-enynes 

R-(CH=CH),-(C=C),-(CH=CH),-R 
дез. ios 19534,; Hauser er al. 1935; Nayler and Whiting 1955 ; 
er al. 1960). 
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larly the spectrum of stillingic acid fits its structure as а diene conjugated with 
the carboxyl group. Ximenynic acid (octadec-ll-en-P-ynoic acid shows the 
expected 229mm. peak. Erythrogenic acid (octadec-17-ene-9, 11-diyne) shows 
in ethanol three peaks at 227, 228 and 2S2am. (« 370, 344 and 120) respectively. 
Capillene СН, -С=С-С=С CH, C,H, shows peaks at 239 and 253nm. 
(« 97, 427) the absorption due to the phenyl group being masked and the CH, 
interrupting conjugation. The diyne group in erythrogenic acid is similarly 
insulated from the carboxyl group by CH, groups. Bolekic acid is ап octadeoc- 
1-епе?? diynoie acid which has peaks at 227, 240, 253-267, 282.Snm. (. 3060, 
6300, 11,700, 17,400, 13,600), Isanolic acid (8-hydroxy-I4-ene-10, 12-diyhoic 
acid) has very similar maxima so that bolekic acid must contain the chromo- 
phore 
-CH«CH-(C«C),- 
but the two acids may not have the same cir structure. 
Aethusin CH,- CH= CH-(Ca C), CH = CH- CH, -СН, from Aethusa eyna- 
plum L shows the following spectrum 
былш. 249, 266 277, 395. 313, 335 
anx 10“ 316 2.69 1.66 285 398 285 
The alcohol aethusanol-l shows a very similar spectrum. 
(Pitt and Morton 1957; Yamaguchi 1970). 
Bu'Lock et al. (1955) measured absorption spectra for the antibiotic nemotin 
amd its derivatives. Nemotin is an unsaturated lactone 
HCsC-CaC-CH=C=CH-CH CH,-CH, 
о——с-о 
which yields nemotinic acid 
HCaC- CaC- CH-C«CH-CH CH,- CH,- COOH 
OH 
and on treatment with alkali nemotin A 
HC» C-(C=C),-CH=CH-CH,-CH,—COOH 
‘The absorption peaks are as follows :— 
Nemotin anm. 208,5 2365 09 2% 
e x10* 447 617 105 123 
Nemotinie acid i, nm. NO 237 MWS 2*5 
ge 310? 4&7 562 100 123 
Nemotin A Anan те. 204211 230 MI 258 272 288 307 328 
"ыл 26 23 59 85 28 6 12155 П 


» п. с. GUHA COMMEMORATION VOLUME 


The spectrum of nemotin is like that if isanolic acid, an ene-diyne and there 
is little change when the lactone group is opened up. Infrared spectra reveal 
the presence of an allene group Ce CC (1960ст. '). Alkali isomerisation 
Produces an ene-triyne chromophore also seen in an epoxide from Ariemesia 
pontica. 

Several antibiotics are known (eryptocidin, flavacid, mediocin, fradicin) 
which contain a conjugated bexaene chromophore and each of them shows 
A spectrum with three prominent peaks at ra. 340. 257 and 378mm. Anti- 
biotics with a heptaene chromophore show three peaks near 360, 380 and 400nm. i 
they include candidin, candicidin, trichomycin and others. 

Fungichromin, obtained from a strain of Streptomyces cellulosae has a 
formula C,,H,,0,, and exhibits ultraviolet absorption indicating the persence 
of a conjugated peata-ene grouping. When the antibiotic is treated with sodium 
carbonate and oxidised, using sodium periodate, it yields 2-methyl-2, 4, 6, 8, 
10-dodecapenta-enedial (a) which is oxidised by silver oxide to the corresponding 
dicarboxylic acid (^) or reduced by sodium borohydride to the diol (e). The 
selective absorption of fungichromin closely resembles that of the diol while 
the dicarboxylic acid shows the red shift characteristic of an extended chromo- 
phore and the dialdehyde illustrates how this shift is carried further (Cope er 
al. 1958, 1962). 

Lagosin (Ball er al. 1957) has а formula C,H,,O,,, and like fungichromin 
this substance has a macrocyclic ring within which is the same chromophore 
(Dhar et al. 1964). The same absorption spectrum is shown by filipin (deoxyla- 
gosine) and by pentamycin (Umezawa and Tanaka 1958). 
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Mycomycin (Celmer and Solomons 1952, 1953) has the formula C,H,O, 
and despite its evident considerable unsaturation it shows a simple but strong 
‘spectrum i 

pm E wm 

‘aun X 107 35 61 вл 
Alkali isomerises mycomycin to isomycomycin which exhibits a much more 
complex absorption spectrum : 
X6 wms mo з ws m w 
34 M Ud PRET 1734 
The infrared absorption of mycomycin has peaks at 3180cm.-' (=CH) 
22000m (-СиС- disubstituted), 190em. (С-С=Су and 170em." 
(СООН), Isomycomycin has lost the 1930cm.- peak but the [T30cm. 
peak persists. The very high value «= 110,000 for the 267nm. peak in isomy- 
comycin points to an ene-trlyne structure. 

Transdehydromatricara ester (Bohlmann and Mannbardt 1955) 

CH, (C=), -CH'« CH - COOCH, 
shows a similar spectrum : 
Ames Wm. мат %5 266 12835 3008 220-374 3435 
pus X 107* тля 1042: 86 5 m A^ в 

The allene group (Celmer and Solomons 1953) does not function like a 

conjugated diene : 











Aan тт. Aa, tm. 

RCH=C=0H, 170 ROH = CRE 185 

СОСН, 210.215 ВС Tm nnne 
R 

Ph, O=C=C Ph, 207 Ph, CeCH, 250 

CyH,CH=O=C=CHPh 298 CH,CH«CH, — 26 


Mycomycin has the structure = 
seis C DR MMC HEN | 





and it exhibits two separate chromophores an ene-diyne and a tri-ene acting 


additively, 
Isomycomyein with the structure 


[EE Cd 
a conjugated triyne-diene. 


КАТ 
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The central carbon atom of the allene group insulates the two chromophores 
of mycomycin but it happens that they have similar peaks. Another triyne- 
diene 

CH, - (65 C), (CH CH), CH, CH, CH, 0 COOCH, 


has been obtained (Bohlmann er al. 1960). lt shows peaks at : 
ae жо юз жш жю 5 08 
чс" зе пе миз пз в 3% 


Oroshnik er al. (1955) pointed out that the antibiotic favacid had in the visible 
region the same (qualitative) absorption as 2, 15-dihydrocrocetin and the spec- 
trum of the antibiotic nystatin reproduced that of -parinaric acid. The 
absorption spectra of certain carotenoid precursors contain the same chromo- 
phores, 

1t will be seen that antibiotics with poly«ene, poly-yne or ene-yne chromo- 
phores possess in their ultraviolet spectra and sometimes their infrared absorp-, 
tion spectra very useful labels for following biosynthetic pathways, metabolic 
fates and to some extent modes of action. 

It is interesting to recall that provitamins D (7-dehydrocholeserol, ergor- 
terol) are conjugated dienes aad the presence of two double bonds in sterol 
Чар В makes a very characteristic chromophore. Exposure to ultraviolet. light 
of the wave-lengths absorbed initiates the sequence of events which gives sise 
to vitamin D. Cholecaleiferol is a conjugated tri-ene in an opened ring system 
and the observed change in absorption is today less surprising than it. was ori- 
inally. The later work of Velluz (1955) established thst irradiation of pro- 
Vitamin D resulted in a previously unsuspected intermediate previtamin D. 
‘This has an (unresolved) absorption spectrum with Aa, 262071, nmu 9.000. 
whereas vitamin D has similar absorption but with a higher extinction co- 
efficient (a, 18,300), The infrared absorption of the vitamin includes a 











peak at 900cm.-* attributable to its exocyclic double bond bot this vibration 
is not shown by previtamin D. 

Tachysterol Qe ISIN., au 24,600) has a triene system with one 
double bond in each of two rings ; moreover in the infrared it shows a band 
э! 95Scm,"* indicative of a trans structure. Koevoet et al. (1955) thought that 
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and DeLuca 1970; Holick ef al. 1971). Students of absorption spectra in 
the ultraviolet and infrared regions can learn much by poudering over the 
vitamin D story (cf. Fieser and Fieser 1959), The spectra of steroid dienes, 
trenes and tetra-enes depend on positions of olefinic links in the tetracyelic 
molecules. The positions and intensities of absorption peaks are of consider- 
able diagnostic value. 

If vitamin D concerns in the main diene and tr-ene chromophores the caro- 
tenoids include extended chromophores with some 10, or I-conjugated double 
bonds. In the new volume ‘Carotenoids’ edited by О. Isler, Vener et al. 
(1971) contributed а large collection of spectroscopic data. An immense 
amount of work on the ultraviolet and visible absorption spectra has been 
reduced to order. This applies also to vitamins A, and A, and their deri- 
vatives. Infrared spectra have played a minor but very useful part in detecting 
acetylenic and allenic groups, thus the 1928cm."* peak of fucoxanthin indicates 
аа allenic group and the 2170cm.-* peak of alloxanthin is characteristic of an 
acetylenic carotenoid. 

Namur, spectroscopy has been applied with vigour in the carotenoid field 
and the systematised information now available has helped to make the ine 
vestigatiomrof structure in a new carotenoid almost а routine. A point of 
special interest is that recent work on n.m.r. spectra of carotenoids allows come 
parisons to be made of the performances of the 60 MHz, the 100 MHz and the 
220MHz instruments—a matter of importance when money for equipment 
is in short supply ! 

‘The significance of cis-trans isomerism in the carotenoid field was first ela- 
borated by Zechmeister and extended later (see Barber et al. 1962; Weedon 
1971). The 220 MHz instrument permits for many poly-enes a resolution of 
the olefinic part of the spectrum so that the position of almost every proton 
сап be ascertained. This is significant point for vitamin A isomers and parti- 
ularly во for the cis-trans forms of retinaldehyde. The 11-с forms of the 
aldehydes of vitamins A, and A, give rise to visual pigments. 

Au: Chemie! Mift for eetinol and retinaldehyhe 
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In this paper the stress has been on conjugated poly-enes and poly-ynes. 
Unconjugated poly-enes are however important in many ways, Thus the 
higher polyprenols like dolichols and the alcohols solinesol and the newer 
castaprenols etc. are transparent to ultraviolet light but can profitably be studied 
by other spectroscopic methods. Cis-trans isomerism is revealed B infrared 
and ашыг. spectra. These alcohols are carriers in biosynthesis of complex 
carbohydrate derivatives. The polypreny! side-chains of plastoquinones, ubi- 
‘quinones and menaquinones are present in molecules needed for photosynthesis, 
electron transport and vitamin К activity (Morton 1971). 

‘Numerous examples occur where mass spectra fragmentation patterns have 
‘greatly helped in the elucidation of structure of such poly-unsaturated compounds, 
Problems of biosynthesis in the carotenoid field have been the subject of highly 
successful effort. The whole topic is reviewed in detail by Goodwin in Isler's 
very recent volume. There is nothing to be added here except that some recent 





developments illustrate how new and intriguing issues are arising as research 
proceeds, 
Batra (1967a, b) observed that a non-photosynthetic bacterium Мусоћос- 
produced cartocnoids ‘This 
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effect being located at the cytochrome level (Chance 1958), Antimycin A 
‘exists as a complex with four components all of which inhibit electron flow. 
A similar effect is also obtained with 2N-heptyl-4-hydroxyquinoline-N-oxide 
but that compound does not induce carotenoid biosynthesis in M. marinum. 

Batra et al. (1971) made a study of the relationship between structure and 
activity in the antimycin-induced carotenoid synthesis. Antimycin A consists 
of four compounds each of which was as active as the antimycin A complex 
аз a whole (optimally at 40,M) and in cach case light enhanced the effect addi- 
tively. [The components differ in respect of the alkyl substituent in the dilac 

1 


tone ring. 
Hc 0 
о Ет в 
cul o | 
А b Nos 
| J Хон, 
ns 
CHO. 
Ra Hexyl Antimycin A, 
ReButyl Antimycin A, 
о о о о 
1 1 1 7 
Сте Cet Cote c 
d 16 g% ; 
ме 
, \, М ` 
H 
mo eru x ET] 
Diacetate. Tractate  Mothyl ether Deformyl 


The chromophoric portion of the antimycin molecule is the aromatic 3- 
formamidosalicylamide moiety f 
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‘but а dozen synthetic compounds differing in respect of the group Ж (hexyl, 
octyl, decyl, phenyl, benzyl, etc.) all failed to induce carotenoid biosynthesis 
from which it was concluded that the dilactone ring was indispensable. Further- 
more antimycin diacetate and antimycin triacetate were very active—although 
they may have been unstable at the pH 1 (8.0) used. Deformylation did not 
reduce the activity so that the N-formyl group was mot essential for inducing 
carotenoid biosynthesis although it is indispensable for the inhibitor effect in 
electron transport. 

The methyl ether was synthesised and its purity checked by nuclear magnetic 

resonance (the downfield resonance. due to the phenol proton was replaced 
by an intense signlet at 6.1. due to the methoxy protons) and it failed to induce 
carotenoid synthesis in the dark. Surprisingly it stimulated light-induced 
cartenoid synthesis at least three-fold, 
‘The stimulus to carotenoid synthesis effected by antimycin A displays a 
lag period of about 4 hours, a source of nitrogen is needed and some known 
inhibitors of transcritpion and translation also inhibit carotenoid production 
(Batra et al. 1968, 1969). Moreover antimycin A stimulates protein synthesis. 
in Terrahymena pyriformis (Elson et al. 1970). Hence it seems probable that 
both light and antimycin A induce carotenoid production by derepressing the 
genetic sites resulting in the synthesis of mRNA and the enzymes needed for 
carotenogenesis, The lag period observed with the methyl ether plus light 
could have been due to preliminary synthesis of carotenoid-producing enzymes, 
Addition of chloramphenicol gave evidence consistent with де novo protein 
synthesis following induction and blocking of carotenoid synthesis. 

When these very interesting investigations are pondered over many problems 
arise : (1) what is the absorbing entity in dark-grown M. marinum which ini- 
tates the photo-induction of carotenoid production ? (2) does the organism 
make any carotenoid precursors when grown in the dark ? (3) are any colour- 
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IMPROVEMENT OF NUTRITION DURING POSTWAR ECONOMIC 
DEVELOPMENT IN JAPAN 


Norio SHIMAZONO 


Department of Biochemistry. Tokyo Medical College, Higarhi-okubo, 
Shinjuku-ku, Tokyo, Japan 


‘The Second World War drove the Japanese people to the edge of starvation 
and occurrence of a large number of malnutrition patients. But after the War, 
the food supply recovered to а normal status in a relatively short period of 
time, and, moreover, some improvement in the eating habits has been made 
quite smoothly. At present we see very few cases of deficiency of certain nutrients 
We can see the change in food supply per capita per day in calories since 1930 
‘according to the data provided by the Ministry of Agriculture and Forestry, 
We see 60% of total calories was supplied by rice before the War. After the 
period of low calories during and directly after the War, the calorie supply was 
recovered to the pre-war level in 1955. The rate of calories supplied by rice, 
however, did not reach the pre-war level, and it has begun to decrease soon. 
‘At present rice gives 40% of the total supply of calories. Оп the other hand, 
the supply of other cereals has increased a little compared with the pre-war 
level. The chief amount of these cereals consists of wheat in a form of bread, 
the use of which has been recommended through the school lunch program 
practiced in the whole country. The distribution ratio of calorie supply by 
cereals is decreasing year after year, and it is now about а half of the total calories. 
During and directly after the War potatoes and sweet potatoes were consumed 
jin large quantities, but this trend has been decreased in the recent ten years, too. 
Despite the decreased consumption of rice and potatoes, the total calorie intake 
is increasing slightly every year because of the increased consumption of starch, 
sugar, fats and oils, and other foods. Pulses remain almost constant, but the 
supplies of vegetables and fruits have increased. Fish and shellfish remain 
constant, but the supplies of milk, meats and eggs have greatly increased in 
recent years. 

As for the protein supplies, а remarkable increase occurred after the War. 
The net protein supply per capita per day was 54-55 before the War, and 36g 
directly after the War, that is, in 1946, In 1950-51 it recovered the pre-war 
level and after that, it increased year after year, It is now 75g, and this increase 
is largely due to the increased supplies of meats, eggs, milk and milk products. 

6278 
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The distribution ratio of animal protein in the total рпеш im the pre-war was 
was 16%, whereas it has been increased to 40% at present. 

The national nutrition survey in Japan were started in 1948. In 1952 the 
Nutrition Improvement Law took effect, and since then, the Ministry of Health 
and Welfare has been in charge of the Annual Nutrition Survey. In practice, 
doctors and dietetians take records of food intakes for five consecutive days 
of more than 16,000 families, representing 1/2000 of the total population of Japan. 
In the nutrition survey data we see the general trends of the improvement İn 
nutritional intake of the Japanese people during the past 20 years, although 
some slight discrepancies are observed between these data and the food supply 
data given by the Ministry of Agriculture and Forestry. As for the nutrient 
intake, the data on protein are in a good agreement. The data on fat con- 
sumption show the increase since 1960, and it has reached to 18% of the total 
calorie intake, 40% of which comes from animal fats. Carbohydrate con- 
sumption is decreasing, and the increased consumption of fats and proteins 
contributes to the increase of the total calorie intake. The intake of calcium 
is $29mg, and that of vitamin A is 1,421 LU. (as retinol) in 1968. The intake 
of these two nutrients is still below the Recommended Dietary Allowances. for 
the Japanese, Thiamine (1.10mg) and riboflavin (0.96mp) are also short when 
the loss due to cooking is taken into account, but in these data neither intake 
of fortified cereals (rice and wheat) nor use of vitamin tablets i» included ; 
both of them аге very popular at present. 

A would like to mention the change of the weight and the height of the Japanese 
people. We have the data of Japanese schoo! children and students given by 
the annual physical examinations conducted by the Ministry of Education 
since 1900. For the values of 6-14 years of age, the data can be considered 
as representing the national level because of the compulsory education system, 
For the values of adults we can take the data given by the National Nutrition 
Survey, The height and the weight of the Japanese youth increased gradually 
between 1900 and 1935. At the end of the War, however, the build of the 

in the year 1900. After the War, the 
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the mean weight of 1948 and that of 1968 are compared, the same is true except 
for the аў? group around 20 in females, and the weight curves do not go up 
їп the older age both in 1948 and in 1968, 

We do not think that the above-mentioned increase of the physique is en- 
tirely due to the improvement of nutrition, but it was proved that the positive 
correlations existed between the increase in height or weight and the intake 
of fat, animal protein, calcium, riboflavin and vitamin A. Vegetable protein 
and carbohydrate showed negative correlations 

We shall turn the topic to the relation of the food intake and the economic 
Circumstances, The living expenditures of the Japanese people are reported 
by ths Bureau of Statistics, Office of Prime Minister of Japan, as the Annual 
Reports of the Family Income and Expenditure Survey, the data of which are 
the means of 8,000 households, selected at random on a nationwide base. In 
thz reports we can sse the gradual decrease of Engel Coefficient from 63% in 
1948 to 34% in 1970. The distribution ratio of cereals in the total food ex- 
peaditures has been decreasing every year from 39.1% in 1950 to 15.9% in 
1970, Whan the relation between the average monthly disbursement and the 
food intake was sought, it was observed that, the lower the disbursement, the 
higher was the cereal consumption. The protein intake increased as the 
monthly disbursement increased. The consumption of animal protein was 
responsible for this difference. The fat intake increased with the increase of 
disbursement, and this is true for both animal and vegetable fats, 

These differences among the disbursement groups, as well as the differences 
between urban and rural areas are becoming smaller now, but we have still 
some important nutritional problems such as anemia among females at present. 
Incidence of regulatory obesity is increasing not only in adults but also in 
children, 


1 would like to compare the situation of food supplies and the cause of death 
‘by diseases between Western Countries and Japan. The food supply data 
were taken from the Statistical Yearbook of United Nations, and the dats on 
the causes of death were taken from the WHO World Health Statistics Annals, 
‘Compared with the food consumption in Western Countries, the consumption 
‘of cereals and pulses are high and that of total calories, sugar, meat, milk, fat 
and oils is still low in Japan. As for the cause of death, apoplexy is the highest 
cause of death in Japan, and the death rate caused by this disease is higher than 
that in Western Countries. On the other hand, the death rates due to coronary 
‘heart disease and diabetes mellitus are very low compared with those in Western 
Countries, However, the incidences of diabetes mellitus, regulatory obesity, 
gout and dental caries are increasing. 
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At the end of this paper 1 shall add a few words about the administrative 
activities which were carried into effect and contributed 10 the nutritional im- 
provement in Japan, First 1 should acknowledge the help given by the Or- 
ganizations of the United Nations such as UNICEF, and the United States and 
other countries directly after the War. There are four laws enacted after the 
War in Japan: Nutritionist Law, Nutrition Improvement Law, School Lunch 
Law and Cooks Law. The number of the training schools for nutritionists 
19 258, and the number of licensed nutritionists is 773,000. As for the school 
lunch program. the number of the boys and girls receiving the school lunch is 
98% of the total primary school children and 83% of the secondary school 
pupils. As for the enrichment of foods, 30% of the consumed rice in Japan 
is enriched with thiamine and riboflavin, Wheat flour, bread and noodles are 
very often enriched with thiamine, riboflavin, calcium and lysine, Soybean 
paste is enriched with vitamin A, thiamine, robiflavin and calcium. 
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А NEW AREA OF BIOCHEMICAL INTERESTS. 
T. R. SeSHADAI 
Universiw of Delhi 


Chemistry is one of the most ancient subjects of study and has had essentially 
ал applied outlook, 1: has been interested in transmutation in the widest sense 
of converting less valuable materials inio highly valuable ones. It has also 
been interested in discovering the elixir of life in the widest sense, that is the 
discovery and preparation of drugs of greatest efficacy, Consequently its 
win objectives have been to produce wealth and health for the community, 
In this work it had to deal with subtle features regarding the internal constitution 
of matter, subtle secrets that could not be seen, but had to be tested for by special 
methods, Because of this feature chemistry in early history was frequently 
mistaken for witeh-craft and magic. In more modern times the teaching and 
understanding of chemistry has been comparatively more difficult. Unless 
lectures аге accompanied by helpful and attractive experimental demonstrations 
and emphasis is laid on familiar applications, the subject cannot be made attrac- 
ive, In post-war years the practice of lecture demonstrations seems to have 
ceased and so also emphasis on applications to realities of life and consequently 
there is fear that the great popularity that the subject had during the last century 
and the early part of this century, is fast declining. 

‘Though one of the oldest, chemistry is still one of the youngest in vigour 
and freshness of outlook. li can never become senile or dull or exhausted. 
With more effort and more speed put into chemical studies, a faster expanding 
‘horizon in revealed with larger scope in every direction. On a rough estimate, 
їп a ten-year period, it gets renovated with а new spirit, with new techniques. 
and new areas of study. Consequently the votaries of chemistry and especially 
the leaders have to be devoted fully and keep abreast of developments or they 
will be left behind. They should create the wave and effectively ride it. 

Biochemistry as the latest branch of chemistry has become very important 
in regard to one of the major objectives of chemistry, that is health of human 
and animal beings. One aspect of it, ascorbic acid (vitamin С), its production 
and function, was Prof. B. С. Guha’s life interest, A line of study following 
the discovery of ascorbic acid has in recent years made rapid advance. In the 
thirties, Prof. Szent Gyorgyi, the discoverer of ascorbic acid wrote a small 
‘article in Current Science. entitled ' Vitamin C to vitamin P. Therein he 
narrated how he was led to realise that the commonly occurring group of plant 
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pigments, called flavonoids, play an important part in maintaining the efficient 
function of blood capillaries. Considerable literature has subsequently grown 
up on the use of bioflavonoids, obtained as by-products of the citrus fruit in- 
dustry, and of rutin, a water soluble glycoside obtained from buck wheat and 
eucalyptus leaves, for various ailments.» The term “rutin therapy” has been 
used, A more recent development raises the question of molecular size. The 
leaves of Gingko biloba, a tree considered by botanists to be a living fossil, 
contains a number of compounds called biflavonoids that have double the size 
of normal flavonoids. Extracts of these leaves have been found to have good 
effect on blood flow in peripheral and cerebral areas and have been marketed 
as drug. These biflavonoids are also found in many other Gymnosperms 
common in the mountanious areas of India and can be extracted from them. 
This study has further taken us on to a large number of flavonoid derivatives 
that have similar molecular size and are present in various vegetable foods and 
drugs. The part they play in maintaining human health is important to in- 
vestigate and utilise. We have recently been studying а very important wood 
available in South India called Red Sandal (Rakiw Chandan), I is largely 
used for art work and for musicaHinstruments and has been used as home remedy 
in the form of extract ог fine paste, Earlier it was also used аз a vegetalb dye, 
Its chemical components are rather complex and baffled attempts by eminent 
‘chemists to unravel their chemical constitution for over a century and а half, 
We have now established that the pigments of the wood belong to а novel cate- 
gory of biflavonoids and determined the details of their main structures. We 
hope that this will make a vital addition to our knowledge of physiologically 
active compounds, 
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TOWARD THE CONQUEST OF MALNUTRITION 
C. GOPALAN 


National Institute of Nutrition, Indian Council of Medical Research, 
 Hyderabad-7, India 


1 am happy to have this opportunity of paying my tribute to my friend, 
late Professor В. C. Guha. I had come into close contact with Professor Guba 
during the years when we were both on the Nutrition Advisory Committee— 
he as the Chairman and 1 as its Secretary. His death at a relatively young age 
was a great blow to all of us especially to nutrition scientists in this country. 

Professor Guha was not only a true scientist but also a great humanist. 
What particularly impressed me was the breadth of his outlook. While Pro- 
fessor Guha reached great heights in the field of nutritional biochemistry, he 
also had a remarkable sease of parspactive which enabled him to recognise the 
wide implicatios of the problems of malnutrition in our country and the urgent 
med for combating them. His horizon was certainly mot limited to his own 
speciality of biochemistry, 

1, therefore, felt it would be appropriate to include int his volume which 
dedicated to his memory an article оа the subjget " Toward the conquest of 
malnutrition." 

Daring the years that have elapsed since our independence we have no doubt 
‘had some significant achievements to our credit in the field of public health, 
Thus, malaria has been largely controlled and infant mortality rate has been 

, ny Nivad. Uafortunately, however, the nutritional status of our people 
has showa пэ sigaifizant improvemzat {а the last two decades. There has no 
doubt been considerable increase in food production in the country, but this 
has been almost completely offset by the increase in population. The per- 
caput availability of food supply for the last two decades has remained more 
or less stationary. 
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average dietary intake of about 2000 calories and 50 g of protein daily (6 g 
of animal protein) itself compares unfavourably with the national average of 
‘over 3000 calories and nearly 90 g of protein daily (over 50 g. of animal protein) 
of countries like the United Kingdom and the United States of America, Vast 
numbers of our people are obviously living on diets which provide much less 
calories and proteins than what these national averages indicate. A country- 
wide survey carried out recently showed that the diets consumed by young 
children of the poor income groups in our country provided less than 70% 
of their actual minimum daily calorie requirements. These diets were also 
found to be deficient in а number of other important nutrients like vitamin 


A and iron, Such inadequacies must inevitably result in widespread 
malnutrition. 


SEVERITY OF THE PROBLEM 


The magnitude and the full implications of the problem of malnutrition 
in the country have, however, not yet been fully appreciated. Actual deaths 
from acute starvation may be few but chronic starvation and milder degrees 
of milautrition and undernutrition are widespread and take a heavy toll. More 
than 80% of our children in the poor income groups are of substandard height 
and weight and nearly 25% of then show frank sigas of nutritional deficiencies, 
Of these, blindness arising from vitamin A deficiency and severe forms of 
“ealotie-protein deficiency" represent the most severe manifestations, 

A striking indication of malnutrition among our children is the fact that 
nearly 40% of the total deaths in our country take place in childred*under 4 
years of age, the corresponding figure for the United Kingdom is 4%. Such 
rapid ‘turnover * of the population in this unproductive age period в a serious. 
economic wastage and acts as a disincentive to our family planning programmes. 
The long-term and permanent effects of malnutrition during the crucial years 
of development are now beginning to be appreciated. There is growing evi- 
dence that malnutrition in early childhood could result in permanent impar- 

| теш of growth, physical stamina and probably even learning ability. 


Enormous amounts are being expended to achieve the minimum 
for 
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Nearly 25% of our hospital beds, especially in our childlen's hospitals аге 
taken-up by cases of frank malnutrition adding to the present scarcity of hospital 
beds and straining our already meagre public health resources. 

Apart from children, malnutrition takes a heavy toll among women of the 
child-bearing age. Nutritional anaemia is а major cause of maternal mortality 
in our country, Our maternal mortality rate today stands at 250 per 1,00,000 
livebirths as against 25 in United Kingdom. 

Nutritional deficiency diseases like pellagra and goitre, which have been 
eliminated from Western countries where they are today no more than medical 
curiosities, continue to afflict large numbers of our people. 

There can be no doubt that the problem of malnutrition poses the greatest 
challenge to our administrators, scientists and technologists and on their ability 
to meet this challenge would depend the health and the well-being of our future 
generations, 


MEANS OF PREVENTION 


Our strategy in combating malnutrition must include both long-term measures 
which would eventually lead to an enduring improvement of the nutritional 
status of our people as well as specific short-term measures which would imme- 
diately serve to ameliorate malnutrition in the weakest and most vulnerable 
sections of our people. We may briefly review these approaches i 


TMOITDIATE MEASURES 


Specific remedial measures + 


Specific remedial measures are essential to contro! certain major nutritional 
deficiency diseases which are widely prevalent in our country today. The 
three major nutritional programmes which fall under this category are: the 
control of goitre in the extensive Sub-Himalsyan belt through a vigorous exe- 
cution of the programme of iodisation of salt ; the contro! of anaemia in preg- 


severe degrees of vitamin A deficiency through an intensive programme of oral 
administration of massive doses of vitamin A at six monthly intervals to pre- 
“school children in the Southern and Eastern parts of our country. It із grati- 
fying that our Government has provided budgetary allocations for these prog- 
and itis to be hoped that they will be effecively implemented. Their 
does not call for any improvement in the economic standards 
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and can be achieved under the existing circumstances. The practical adminis- 
trative and logistical considerations involved in their implementation, however, 
have to be carefully worked ош. 


The pre-school child : 


From the nutritional standpoint children of the pre-school age group are 
the most important and the most vulnerable. Some of the worst ravages of 
malnutrition are to be seen in this age group. Our immediate efforts, therefore, 
must be directed towards protecting this important section. It is gratifying 
that the Government of India have in fact made impressive budgetary alloca- 
tions for the organisation of nutrition programmes among poor pre-school 
children in the backward areas of the country. The two major questions of 
practical importance are (0) the choice of the dietary supplements to be given 
to those children to prevent malnutrition, and (1) the means by which pre-school 
children in rural areas could be reached in large numbers. 

It should be obvious that under the present circumstances any large scale 
programme of feeding of pre-school children must be based on locally available 
inexpensive foods and not on imported foods or centrally processed foods. 
The scale of these feeding operations would be such that it would be impossible 
to base thom on a single processed food preparation consisting of two or three 
selected ingredients. The immense problems of transport, storage and distri- 
bution preclude an over-centralised approach to this programme which must, 
under the circumstances be necessarily decentralised and diversified. Food 
available within a radius of ten miles from the village could easily form the 
basis of feeding programmes of children of the village. The Indian Council 
of Medical Research has worked out а number of outritions recipes based on 
such locally available foods, the cost of which may be about 12 paise per day 
perehild. These foods can be processed by methods which ore capable of 





proportion of the overall cost of the programme, This can be avoided and real 
ensured if the village community itself is given the 
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tively reached in large numbers through schools, and while considerable ex- 
perience with regard to school lunch programmes already exists in our country 
facilities for reaching pre-school children in large numbers are still very in- 
adequate and large-scale experience in the operation of nutrition programmes 
among pre-school children has yet to be gathered. The immense adminis- 
trative and logistical problems implied in nutrition programmes for pre-school 
children have apparently not been fully appreciated and understood. Till such 
tims this happens, these programmes will proceed unsatisfactorily in spite of 
impressive budgetary allocations. Our immediate efforts should be directed 
towards organising the necessary facilities for these programmes at the inter- 
mediate and peripheral levels. This does not necessarily imply the creation 
of new institutions or the appointment of fresh personnel. The existing func- 
tionaries at the Block level should be oriented and trained to include nutrition 
programmes as an important integral part of their activities, Similarly existing 
institutions like the M.C.H. Centres, the Primary Health Centres, the Mahila 
Mandals and the Balwadis should be geared for the implementation of large 
scale nutrition programmes specially directed towards pre-school children. 
The success of these programmes will ultimately depend upon our ability to 
harness the existing administrative infrastructure and the institutional frame- 
work at the Block level for this purpose. 

1t would be desirable if the Planning Commission and the Government of 
India set-up demonstration-cum-training centres for the operation of feeding 
programmes for pre-school children in three or four selected centres in the 
‘country where the requisite leadership and facilities for supervision and evalua- 
Чоп of the programme exist, This will enable us to build up the necessary 
‘expertise for organising and implementing the pre-school child feeding pro- 
grammes on a country-wide scale. 


The middle income group 2 
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dends, For example, low-cost nutritious biscuits made of inexpensive locally 
available foods even in village bakeries on co-operative basis, could form the 
basis of a nutrition programme for this middle income group. Such biscuits 
stocked in schools, offices and other establishments, and sold to the needy at 
nominal price, could be one way of reaching this important segment of the 
population, 


Long-term approach : 


In the final analysis, satisfactory nutrition can be ensured for our people 
only through improvement of their economic status, through rising our food 
production to levels which would meet the increasing needs of our-growing 
Population and through restricting the rate of ovr population growth to levels 
commensurate with our resources, There can be really no shortcuts to the 
permanent solution of the problem of malnutrition. The current drive for 
increased food production and for family planning are stops in the right direction 
which will eventually make their impact but they cannot bring about апу imme- 
diate transformation in our nutritional situation 

Recent developments in agricultural technology offer hope of our being 
able to meet at least our overall foodgrain requirements in the near future. 
If the necessary inputs are forthcoming we may soon be able to. achieve self- 
sufficiency in cereals, However, this happy situation should not rouse undue 
expectations and lull us into a false sense of complacency. The conquest of 
malnutrition implies a lot more than the mere achievement of overall self- 
sufficiency in foodgrains. The regional, social and economic imbalances which 
today contribute to maldistribution of available food have to be corrected, 
‘The achievement of self-sufficiency in foodgrains together with the correction 
of these imbalances will no doubt go a long way in correcting the current wide- 
spread calorie shortage, but our diets will still stand in need of considerable 

qualitative improvement. In fact, our deficiency with regard to foodgrains 

is relatively of a much smaller order than the gaps with regard to other pro- 
tective food elements like fruits, milk, fish, eggs and meat. Unless these gaps 
are filled there can be no qualitative improvement in our diets, 

t is essential at this point to impart a new nutritional orientation to the 
socalled revolution, in order to ensure balanced augmentation 
of food production in accordance with our nutritional needs, New ioe 
‘of foodgrains which are released for propagation should be not only 
‘but also of high nutritive value. This is fortunately being 
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Apart from prestige cereals like wheat and rice other foodgraios and oil- 
seeds must receive increasing attention. Millets constitute the staple of the 
Poor segments of our population and deserve special consideration. Since 
Indian diets are likely to be predominantly cereal based for some years to come 
it is essential that the dictaries should include reasonable quantities of pulses 
and legumes in order to provide proper amino acid balance, The pulse-cereal 
ratio in the present pattern of food production is already unsatisfactory from 
the nutritional standpoint and unless high priority is accorded to the promotion 
of palse production our diets are likely to become even more unbalanced in 
future, Now that we are in sight of achieving the initial objective of self-sufli- 
cleacy in foodgrains our agricultural strategy should be oriented towards the 
promotion of increased production of other protective food elements like fruits, 
milk, eggs and meat as well. 

Today, fortunately, the importance of nutrition is being appreciated at the 
highsst levels in our country. It is up to all those concemed in the promotion 
of ths welfare of our people to take advantage of this propitious climate and 
to bend their energies towards ensuring better nutrition for our Nation, 














ARYLSULPHATASES IN BRAIN. 
А. А. FAROOQUI, А. S. BALASUNRAMANIAN AND B. К. BACHMAWAT 


Neurochemistry Laboratory, Department of Neurological Sciences, Christian 
Medical College Hospital, Vellore, India. 


IyTRoDUCTION 


The sulphate esters present in the cells are hydrolysed by a group of enzymes, 
the sulphatases according to the general reaction. 


Ћ.0.80,- + H,O —> R OH +H* +80, 


The most thoroughly investigated group of sulphatases is the arylsulphatases. 
‘They catalyse the hydrolysis of arylsulphates or the sulphate mono esters of 
phenolic hydroxyl groups. They are widespread in their distribution and have 
been found in all animal species studied, in several microorganisms, higher 
planis and in molluses, Two groups of arylsulphatases type I and type Ш have 
been distinguished, by their substrate specificity, response to inhibitors and 
subeellular localization in ox, rat and human livers (1-3). 

The type I arylsulphatases are more active towards simple substrates such 
аз penitrophenyl sulphate and p-acetylphenyl sulphate, They are much less 
active towards p-nitrocatechol sulphate. They are generally inhibited by 

, fluoride, phosphate and 
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Assay of arylsulphatates A and В: . 
There have beea difficulties in assaying arylsulphatases A and B when they 
are present together, as in human urine. A solution to this problem has been 
worked out by Baum, Dodgson and Spencer (10) by utilising а differential 
inhibition with chloride ions and other small differences in properties, The 
determination of arylsulphatase А in the presence of В is based upon the follow. 
ing prii x 





1, "Normal Kinetics” are exhibited by arylsulphatase A at low substrate 
concentration in the presence of 2.5x0-* M-sodium pyrophosphate. 
2. Considerable inhibition of arylsulphatase B occurs under these con- 
ditions. 
3, Arylsulphatase B is specifically inhibited by chloride ions when p-nitro- 
‘catechol sulphate it used as substrate, whereas arylsulphatase A is not. 
The determination of arylsulphatase В in the presence of A is based on the 
fact that arylsulphatase A exhibits only a little residual activity after the first 
20 minutes of the reaction whea incubated at high substrate concentration in 
the presence of barium ion» and in the absence of interfering ions. Moreover, 
this residual activity is linear and proportional to the intercept obtained by 
‘extrapolating this line hack to zero time. Barium ions do not affect the activity 
of arylsulphatase B. According to Dodgson and his co-workers (11) this 
assay procedure may not be applied to rat liver arylsulphatases A and B because 
the differences in the kinetic properties of these enzymes are not sufficiently 
жем to enable the independent assay of one enzyme in the presence of other, 


Distribution of arylsulpharases = 

Many studies of the distribution pattern of these enzymes have been made, 
both by conventional and by histochemical techniques. However, many of the 
results are difficult, if not impossible, to interpret adequately because of the 
failure of investigators to appreciate the complexity of the enzymes, The 
‘most reliable information on the distribution of arylsulphatases in mammalian 
tissues is that of Dodgson and his group for the rat (12) and the human (13). 
They have shown that, in general, liver is the organ richest in arylsulphatases 
and that considerable amounts also occur in the kidney. pancreas and adrenal. 
Arylsulphatase activity nervous tissue was first reported by Neuberg and 
‘Simon (14) in rabbit brain. Arylsulphatases occur in human urine and serum 
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Arylsulphatases have been detected in all animal species (21, 22). The 
quantitative date are available only for liver. Here also the separate deter- 
mination of arylsulphatase А and B have not been carried out, and hence the 
proportion of these enzymes are only approximately known. Roy (21) has 
‘studied the proportions of arylsulphateses A and В by separating them by 
paper electrophoresis and according to him the enzymes corresponding to aryl- 
sulphatases A and В are detected in all the species. Recent comparative studies 
in this laboratory (22) on the activity of arylsulphatases A and В in brains of 
different animal species show that the proportions of these enzymes vary from 
опе species to another (Table 1). In a lower vertebrate like frog the ratio of 
arylsulphatases A : В is 1:1, In birds, like pigeon and chicken arylsulphatase 
A accounts for the greater part of the total arylsulphatase activity. In fact 
in chicken the activity of arylsulphatase A is exceptionally high compared to 
B. In mammals like rabbit and sheep arylsulphatase A is high while in mammals 
like rat, monkey and man, arylsulphatase B predominates, 

Balasubramanian and Bachhawat (23) studied the regional distribution of 
arylsulphatase activity in sheep brain and they found that the activity of aryl- 
sulphatases was high in those regions which were rich in white matter. Recently 
Farooqui and Bachhawat (22) studied the regional distribution of arylsulphatases 
А and B in monkey brain (Table 2). The data on regional distribution suggest 
that arylsulphatase А is always high in white matter not only in cerebrum but 
also in regions like medulla and corpus callosum. The activities of arylsul- 
phatase B are high in grey matter compared to white matter in most of the 
regions. 

Roy (21) studied the intracellular distribution of arylsulphatose in liver 
and according to him arylsulphatases A and В occur in lysosomes while aryl- 
sulphatase C is found exclusively in microsomes. These findings have been 
recently confirmed by cyto-chemical staining method (24). Clendenon and 
Allen (25) studied the subcellular distribution of arylsulphatases in rat brain 
and they found that the localization of these enzymes was the same as in the 
liver. Roy (26) has reported that arylsulphatase B of ox liver is localized in 
the framework of the lysosomes while arylsulphatase A in the sap. 


Properties of arylsulphatases : 
Да general arylsulphatase A is a very acidic protein with an isoelectric point 

Н 34. The enzyme exists as a monomer (M.Wt 107000) at pH 7 but as the 
ards the acidic side the monomer shows an incressing ten- 
A aropa esi molecular weight 411, 
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B 15 a slightly basic protein and has low affinity for p-nitrocatechol sulphate. 
More recently studies on arylsulphatase B from ox liver (28), ox brain (8) and 
rabbit cornea (29) have revealed that the enzyme can be resolved into further 
fractions by chromatographic or electrophoretic techniques, Allen and Roy 
(28) have purified and separated two of these forms (Ba and B) from ox liver. 
Both have molecular weights of about 25,000 and are kinetically indistinguishable. 
Under certain conditions of low ionic strength, aggregates of these enzymes 
can occur which yield mixtures of polymers with molecular weights of upto 
300,000. Electrostatic interaction is probably the main factor involved in 
this aggregation proces. Comparison of some properties of arylsulphatases 
"A and B is shown in Table 3, 

‘The kinetics of arylsulphatase A are extremely complex, because the re- 
action velocity shows abnormal relationship with the enzyme concentration 
and time of incubation (30). The anomalous reaction kinetics of arylsulphatase 
A is manifested as а time-dependent loss of hydrolytic rate during incubation 
with p-nitrocatechol sulphate, followed by a partial recovery of the initial rate. 
Baum and Dodgson (30) have proposed " during the interaction of enzyme and 
substrate a new site capable of binding with substrate as well as the reaction 
products (p-nitrocatechol and sulphate) and certain other inhibitory compounds 
15 slowly exposed to the enzyme. When the substrate is bound to the new site 
of the modified enzyme, the latter is virtually inactive. On the other hand 
when the reaction products or other inhibitory compounds are bound to the 
new site, the modified enzyme is active, although the active centre may still be 
inhibited if these compounds are present in excess." This hypothesis is recently 
confirmed by Nicholls and Roy (31) who actually isolated the so-called 
"inactive modified enzyme” from incubation mixture, Apparently " inactive. 
modified enzyme " is strongly activated by sulphate, but only slightly activated 
by p-aitrocatechol. and pyrophosphate, the inhibitors of the native 
‘enzyme, also activate the “ modified enzyme.” The low activity of the modified 
enzyme was found due to a powerful substrate inhibition which is decreased in 
the presence of sulphate. Furthermore it was postulated that sulphate dis- 
places the equilibrium in favour of the native enzyme primarily through the 
formation of a “native enzyme-substrate complex." The anomalous time- 
activity curves for arylsulphatase A of different animal species are shown in 
Figure |. Arylsulphatase В from different animal species follows normal 
kinetics (Figure 2). 


Recently, Farooqui asd Bachhawat (32) have purified а unique агуны 
phatase А from chicken brain, This enzyme resembled arylsulphatase A of 
‘other animal species in its kinetic properties such as Ke value, anomalous 

ene 
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time-activity relationship and inhibitory effect of phosphate, sulphite and sul- 
phate ions. However, its electrophoretic mobility, behaviour under zinc acetate 
fractionation, stimulation by Ag’ and inhibition by citrate ion were similar 
to arylsulphatase B of other animal species. A similar arylsulphatase A is also 
recently purified from kangaroo liver by Roy (33), This enzyme shows less 
pronounced anomalous kinetics, does not polymerize at low pH values, had 
а different isoelectric point and different К. value for sulphate ions compared 
with ox liver arylsulphatase А. 

The chicken brain arylsulphatase A catalyses the desulphation of both p- 
nitrocatecho! sulphate and cerebroside 3-sulphate (Figure 3 and 4), The com- 
parison of some kinetic parameters of this enzyme using cerebroside 3-sulphate 
ad p-nitrocatechol sulphate is shown in the Table 4. The non-ionic deter- 
genis stimulate the enzyme activity towards both cerebroside 3-sulphate and 
peniteocatecho! sulphate (24). Like pig kidney cerebroside sulphatase (35) 
this enzyme has same pH value 4.5 and almost same Ke value 0.12 mM. Further 
with cerebroside 3-mulphote as substrate the enzyme shows a linear increase 
in (°'$) sulphate formation upto 60 min, and then the curve plateau's off (Figure 
$) This linear time activity relationship can be compared with that obtained 
by Harinath and Robins (9) for human brain arylsulphatese А using 4-methy- 
lumbelliferone sulphate as substrate. These differences in the kinetic pro- 
perties of arylsulphatase A may be attributed to the nature of the substrate. 
It should be noted that the relative rate at which this enzyme cleaves. cerebroside 
3esulphate is 1,600 times less than the rate at which it cleaves p-nitrocatechol 
sulphate. А similar observation has been made by Mehl and Jatzkewitz (35) 
in the case of cerobroside 3-sulphatase of pig kidney. 

The studies by Koenig and his co-workers (36) have indicated that essen- 
tially all the enzyme proteins of rat kidney and liver lysosomes are glycoproteins 
and that at least some of these glycorpoteins contain sialic acid, Recently, 
Goldstone, Konecny and Koenig (37) have claimed that approximately 40% 
of arylsulphatase A can be converted to arylsulpbatase B by neuraninidase 
treatment and the incubation without neuraminidase produced a smaller con- 
version of the arytsulphatase А into arylsulphatase B. The arylsulphatase B 
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leukodystrophy, from arylsulphatuse B which is present in normal or elevated 
amounts in this disease. 


Role of arylsulphatases г 
Interest in arylsulphatases rose immensely after Austin et al (38, 39) using 
P-nitrocatechol sulphate as substrate had proved the deficiency of arylsulphatase 
А not only in tissues but also in the urine of patients affecied by metachromatic 
leukodystrophy—a disease characterized by the absnormal accumulation of 
cerebroside 3-sulphate in brain, kidney and other visceral organs (Table $ and 
Figure 6). Later, Mehl and Jatzkcwitz (35) and Jaukewitz and Mehl (40) 
‘explained the interrelationship of arylsulfatase A to cerebroside-3-sulphate by 
‘demonstrating that arylsulphatase А із a component of a cerebroside sulphatase 
—an enzyme splitting the cerebroside 3-sulphate, An especially interesting 
aspect in the reports of these investigators is the requirement for a heat stable 
factor which enhances the degradation of cerebroside 3-sulphate 7 to 10 fold 
by arylsulphatase A. Recent work from the laboratory of Jatzkewitz (41) has 
indicated that buffer concentration has a marked effect on enzyme activity 
when cerebroside 3-sulphate was used as substrate, There was an increase 
in enzyme activity upto a final concentration of 0.01M but as the buffer concen 
tration was increased to 0.2 M there was almost complete inhibition of enzyme 
activity. Furthermore “complementary heat stable factor” is required only 
at high buffer concentration (0.2 M) for cerebroside 3-sulphate degradation, 
Neuwelt et al (42) have reported that metachromatic leukodystrophy tissue. 
extracts contain immuno-reactive proteins which precipitate anti-arylsulphatase 
A serum. These findings and the data of Porter ef ai (43) with fibroblasts 
provide evidence that arylsulphatase A proteins appear to be similar in that 
they all exhibit extreme lability under normal extraction procedures but they 
may differ among themselves in the affinity for cerebroside sulphate or in some 
other parameter which determines latency of clinical onset. The studies by 
Porter et al (43) and the wide range of reported latencies in clinical manifesta- 
- tions suggest that the metachromatic leukodystrophies result from а broad 
spectrum of cerebroside sulphatase deficiency ranging from virtual absence 
to an appreciable percentage of normal levels in those cases of late onset of. 


The role of arylsulphatase B is quite obscure. However, a marked increase 
in arylsulphatase B activity was observed in Hurler’s syndrome (44). Further 
it was found that although there was increase in heparan sulphate and dermatan 
` sulphate fraction in Hurler’s disease compared to normal, the total mucopoly- 
saccharide content in Hurlers and normal brain was the зате. Recently 
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Abraham et al (45) reported that there was а marked increase of arylsulphatase 
В in ths biopsy samples of patients wth Sanfilippo syndrome compared 10 
arylsulphatase A and the ratio of arylsulphatase В to A was very high compared 
to that of normal brain (Table 6). Held and Buddecke (46) using ("$) chon- 
droitin 4-sulphate of bovine nasal septum, have purified chondroitin 4-sul- 
phatase free from arylsulphatase and hyaluronidase from bovine arterial tissue 
and showed that this is a specific enzyme acting at polymer level, The enzyme 
has pH optimum at 44 ia acetate buffer. The release of inorganic sulphate 
from unlabelled chondroitin 4-sulphate could be demonstrated turbidimetrically 
by converting it to barium sulphate, but this method did not show any action 
of the enzyme on chondroitin 6-sulphate, dermatan sulphate or keratan sulphate, 
The above authors also claimed that the addition of hyaluronidase did not 
stimulate the release of sulphate by this enzyme. Very recently Tudball and 
Davidson (47) have shown the existence of an enzyme related 10 that of bovine 
aorta and yet distinct in lysosomes of rat liver, Although partially purified, 
the enzyme was contaminated with Z-glucurooidase, -acetylglucosaminidase 
and arylsulphatase ; its substrate specificity was curious in that it was most 
active with high molecular weight oligosaccharides derived from ("S) chon- 
гоа 4-sulphate of chick embryo by the action of hyaluronidase. The enzyme 
had less action оп low molecular weight oligosaccharides and попе on the 
parent polysaccharide ; the removal of the nonreducing glucuronosyl residue 


of the oligoieccharide substrate was apparently essential for enzymic activity, 
Lloyd (48) and his associates have showa that mammalian sulphamidase liberates 
inorganic sulphate from heparan sulphate by the cleavage of sulphamido group- 
ings, Recently, a sulphamidase has been purified from mammalian sources 
by Dietrich (49), The relationship of arylsulphatase B to these enzymes acting 
at oligosaccharide and polysaccharide levels is not known. 

Resently Marphy et al ($9) have described that the tissues 
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(52) have presented a formulation by which multiple enzyme defects can be 
explained without violating the one gene—one enzyme concept. It is tempting 
to speculate that the multiple sulfatase defects present here may reflect a defect 
in a regulator gene, a phenomenon which is well established in bacterial systems, 
but not yet in man (53, $4). А defect in a regulator gene would imply that the 
‘areas controlling these enzymes are adjacent on a chromosome. Evaluation 
of these issues requires more precise information about the structure and function 
of the various sulphtases and, eventually the construction of an accurate genetic 
map. Murphy ef af (50) suggested that the detailed study of patients with 
maltiple enzyme defects may help to resolve these fundamental aspects of human 
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ASCORBIC ACID METABOLISM DURING PREGNANCY AND 
LACTATION 


R. RAIALAKSHME 


Biochemistry Department, Baroda University, Baroda, India 


It is well-known that reproductive performance imposes a physiological 
and nutritional stress on the maternal organism partly because of the physio- 
logical changes resulting from the same but mainly because of the parasitic 
mature of the growing fetus and nursing infant, When the maternal diet is 
already poor it is likely to become more so with the advent of pregnancy and 
lactation with the possibility of serious consequences for either the mother or 
the infant or both. The problem may be acute in the case of critical nutrients. 
such as iron, iodine, and thiamine, For instance infantile beriberi due to 
maternal deficiency of thiamine and a high mortality due to the same are com- 
mon in communities consuming polished rice. Cretinism and deaf-mutism 
are prevalent in goitre areas. Anemia is more common in the children of iron 
deficient mothers (Bhatt er al, 1969). It is also known that the incidence of 
low birth weight babies, miscarriages, still-births and neonatal deaths is higer 
in communities with a low plane of nutrition (Rajalakshmi, 1971). 

Ordinary diets in this country including those consumed by pregnant and 
lactating women are deficient in most nutrients and the deficiencies are critical 
in the case of calories, protein, calcium, vitamin А and riboflavine. Although 
„the diets are apparently adequate in iron, iron deficiency anemia is also common. 
Itis aot surprising therefore that clinical, biochemical and radiological symptoms 
associated with deficiencies of these nutrients have been frequently reported 
in pregnancy, They include anemia, low levels of scrum albumin, xerophthal- 
mia and night blindness, osteomalacia, cheilosis and angular stomatitis (Raja- 
lakshmi, 1971). 

‘One would expect the above list to include clinical or subclinical scurvy as 
ordinary diets consumed by the poor contain 10-15 mg of vitamin C or less 
‘and the fetus at full term contains a store of 700-1000 mg of vitamin С. Milk 
‘secretion during lactation involves an output of 20-30 mg of the vitamin and 
lo this amount must be added urinary output. Yet reports of scurvy either 

in the breastfed infant or the pregnant and nursing mother are conspicuous 
v their absence. 

- We were alerted to this anomaly more than a decade ago when during the 
course of investigations on the relation between the composition of diet and 
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milk with regard to different nutrients including. vitamins, we found the output 









of vitamin C in milk to be more than intake from the diet (Rajalakshmi, Deodhar, 

and Ramakrishnan, 1965). Yet these women showed respectable levels of 

vitamin C in blood. Naturally, we were baffled. Several questions seemed 

to rise including those listed below + 

1, Are the estimates of dietary intakes under-estimations ? Do the women 

sporadically take rich sources of the vitamin such as amla and other 

common berries and get their tissues replenished ? 

‘Are the figures of milk yield reliable? Is the concentration of the 

vitamin in milk maintained throughout lactation ? 

Э. Do the levels of the vitamin in urine and blood decrease with the pro- 
gress of pregnancy and lactation ? 

4. 10 not, could tissue depletion during reproduction and repletion during 
the intervals in between account for their normal vitamin C status ? 
it possible that ascorbic acid is synthesized in the maternal tissues 

either normally or adaptively during pregnancy and/or lactation ? 

If so, what is the site and mechanism of such synthesis ? 

To get reliable estimates of dietary intakes, the foods consumed in typical 

families were collected at meal-time in air-tight containers brought under ice 

10 the laboratory and analysed immediately. This was done for 23 families 

for а period of seven consecutive days. Tables were prepared from the data 

‘obtained on the ascorbic acid content of fruits and vegetables as consumed 

(Rajalakshmi and Kothari, 1968), 

In the studies on pregnant and lactating women, 42 subjects in the poor 
group and 18 subjects in the upper class were studied from early pregnancy till 
six months or more of lactation. During this period, daily records were kept 
of the intake of all possible sources of ascorbic acid including fruits, vegetables, 
sprouted legumes etc. Aliquot protions of the foods consumed by the subjects 
were collected for two consecutive days each month and analysed and the ann- 


lysed values found to agree well with estimates from previously prepared tables 
and any minor differences disappeared in the average values (Rajalakshmi and 
“Ramakrishnan, 1 

Dn pin ар su уонна psi Gat an Й 
intake of poor women is no more than 15-20 mg. The diet consumed by these 
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such as cabbage and fenugreek leaves lost most of their vitamin by the time 
they were cooked, the techaique of cooking cabbage being similar to that used 
by Bransby ef al (1950) for providing a low vitamin C diet. 

We also found that food fads and prejuidices operate against the consump- 
tion of seasonal berries and fruits rich in the vitamin. Amla, chani bor, раја, 
wood apple etc, are avoided by pregnant and nursing mothers although 
‘children are allowed to cat them occasionally. The desi mangoes consumed 
occasionally by them when in season do not contain much of the vitamin. 

If must also be pointed out that our figures for vegetable and fruit con- 
‘sumption agree with all India figures for production and availability and with 
figures given in various diet surveys including the 843 surveys compiled by 
Mitra (1953). In other arcas of the country such a» Tamil Nadu or Kerala, 
where the poor often have a meal of rice and fish curry, vegetable consumption 
may be even less. 

Thus both underestimation of dietary intake and the sporadic consumption 
of feuits and vogtables rich in the vitamin seemed to be ruled ош. 

Having checked our values for dictary intake, the next question that arises 
is, do the women in faci lose as much vitamin C as was suspected in previous 
studies? То ascertain this, milk yield was determined by weighing the child 
before and after each feed for two consecutive days cach month. The weighing 
was done by a fleld worker who practically stayed with the family during the 
period. In any event, any error is likely to be in the direction of underesti- 
‘mation rather than overestimation, Further, our milk yield figures of about 
700 ml were consistent with those reported (rom Hyderabad (Venkatachalam, 
Susheela and Rau, 1967) and with estimated calories available pe: kg of body 
weight (70-90) in entirely breastfed infants and the weight gains shown by them 
(about 20 g per day). 
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for two consecutive days such month so that seasonal variations are not likely 
o influence the results. [n previous studies in this laboratory the vitamin C 
concentration of milk was not found to change appreciably in а group of women 
studied over a period of 10 months unless their diet was supplemented with 
vitamin C (Deodhar, Rajalakshmi and Ramakrishnan, 1963). 

The values for urinary output averaged 6-7 mg a figure consistent with 
other reports on lactating women (Bagchi, 1958 ; Rajalakshmi and Kothari, 
1964), pregnant women (Bagchi, 1958), school children (Sail, 1970), pre-school 

(Ramachandran, 1968) and young adults (Ranganathan and Sankaran, 
1937), 

Thus our studies on poor women showed an average dietary intake of 15- 
20 mg of vitamia C as against an output of 25-30 mg in milk and urine and an 
average nogative balance of about 10 mg. Even the upper class subjects were 
only in neutral balance. Im other words they had no vitamin left for their own 
metabolism. It must also be pointed out that in several cases, the discrepancy 
between output and input exceeded these averages, and 12 out of 42 subjects 
‘were losing more than 10 mg per day. Even assuming an experimental error 
‘of this magnitude the data need explanation. 

{In the classical studies conducted by Crandon, Lund and Dill (1940) and 
more recently by Hodges et о! (1969) the biochemical and clinical symptoms 
of vitamin C deprivation showed the pattern shown below = 


Course of changes found in experimental Vitamin C deprivation 
р, 





Days for disappearance of ascorbic acid 
Urine 2035 
Plasma. 4042 
Whole blood 80.90 
Platalote 1201430 


“Clinical symptoms appeared 1-2 weeks after this. 
Ties Hostons meit be сро tp осоо efie a trig ws women as they 
losing vitamin C from the body and therefore worse than subjects 

on a scorbutie diet. However, thorough clinical examination by Dr. 
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the end of six months of lactation had respectable levels of vitamin C in blood 
‘whereas the same should have disappeared well before three months, Similar 
observations were made earlier by Bagchi (1958) and on serum by Rajalakshmi 
et al (1965). As a matter of fact, in the studies of Bagchi, the pregnancy values 
‘were much higher and no decrease whatever was noted during lactation, In 
this connection, studies in Hyderabad have shown a rise in milk ascorbic acid 
with the advent of pregnancy in nursing mothers. Some investigators have 
reported a fall in plasma ascorbic acid during pregnancy (e.g. Teel, Burke and 
Draper, 1938 ; Belvady and Gopalan 1959). The differences could be possibly 
due either to a difference in the distribution of ascorbic acid in the plasma and 
blood cells or due to racial differences which are found in the case of vitamin 
B,, (Low - Beer er al, 1968). 

It must be pointed out that in most cases lactation continues till the child 
is 18-24 months old, the output being about 500 ml. or more between 6-12 months 
and 300 ml, or more between 12-16 months. 


Thus, during each pregnancy and lactation, a poor women must be deemed 
to lose to the fetus 700-1000 mg. and through milk a total or more than 8000 mg. 
not to mention the urine loss of about 5000 mg. The hypothesis of replenish- 
ment of these losses during the inter-pregnancy interval does not derive much 
support either from the data on dietary intakes or when we consider that many 
of these women become pregnant while they are still nursing the previous child 
and continue to do so well into the next pregnancy, Further, blood ascorbic 
acid was not found to decrease with increasing parity. In this connection 
Stojanow (1958) found no differences in blood vitamin C between women with 
children and those without. 

To ascertain the extent of tissue depletion, if any, women at term, after 
partum and at six months of lactation as well as non-pregnant and non-lactating 
women were given load tests of the vitamin (500 mg. per day for В days). Again, 
mo differences were found between the different groups. Essentially similar 
results were obtained by Bagchi (1968) and in previous studies in this labo- 
ratory (Rajalakshmi er af, 1965). 

Tt must also be pointed out that while not many investigators have set out 
to study ascorbic acid balance during lactation, a similar negative balance is 
to be inferred from several other studies. For instance, Pathak (1958) reports 
that lactation is successfully maintained by beggar women around Jaipur on 
a diet containing less than 1 mg. of ascorbic acid per day. Even at an estimated 
milk yield of about 400-500 ml with an ascorbic acid concentration of about 
2-3 mg. per 100 mi, and indeed without any lactation performance at all, the 
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data would need explanation. The subjects in this study are reported to have 
shown no evidence of any deficiency symptoms. 

Bharachna (1956) subjected entirely breast-fed infants of mothers subsisting 
‘on common diets in Bombay to a detailed examination for nutritional status 
with regard to ascorbic acid using X-ray of the long bones, load tests, plasma 
level of the vitamin, red blood cell count, hemoglobin and the capillary fragility 
test. Except for gross unsaturation which is found even in well-nourished 
upper class subjects with princely levels of the vitamin in the dict as well as 
in blood, no other scorbutic symptoms were found. 

Ingalls, Draper and Teel (1938) found mothers subsisting no diets low in 
the vitamin (less than 20 mg.) to secrete liberal amounts of the same (20-30 mg.) 
in milk. They also found a higher concentration of the vitamin in the plasma 
of the infant than in that of the mother 

It must be mentioned in this context that in spite of serious shortages during 
the war, normal blood levels of vitamin C (0.36 to 0.5 mg. per 100 ml.) were 
maintained by nursing mothers in Europe (Touverud, Stearns and MeCy, 1950). 

Other similar studies have been cited by Bagchi (1958) in his report for 
which full bibliographical details are not available 

Even apart from specific studies, there is по serious controversy over the 
fact that common diets În this country provide no more than about 100 g of 
Vegetables and 15-20 mg. of vitamin C and that poor women secrete about 700 
ml of milk containing 3 mg. % vitamin C for prolonged periods. There fs 
also no serious controversy about the fact that scurvy is seldom found in breast 
fed infants or nursing mothers. 

Tt must also be pointed out that even in Europe, whatever may be the posl- 
tion with regard to vitamin C intake to-day, at the turn of the century or even 
till well after World War 1, most of the poor families in the urban areas of Europe 
and North America lived on a diet of bread and beans. The nursing mothers 
in these families cannot be expected to have derived much more vitamin С 
from their diets than Indian women do to-day. Even in a relatively recent study 
оп nursing mothers (Bransby ef al, 1950) а considerable proportion of the 
subjects were found to subsist on diets providing less than 25 mg. of vitemin 
C. These women might be expected to have been secreting at least this amount 
in milk, It is indeed remarkable that no a single case of scurvy in a nursing 
mother appears (о have been reported in the entire medical and nutritional 





. Tn summary, nursing mothers in many areas of the world constitute а group 
supply of vitamin C is precarious as compared to the requirements 
E At least a 2 sll propera of te коор sux ре expert to bato 
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Scurvy or subclinical vitamin C deficiency and yet this has not been found to 
be the сазе. 

The colorimetric method of Roe and Kuether (1943) was used in these 
studies for the extimation of ascorbic acid. A question may be raised regarding 
the reliability of the method. This method measures both ascorbic acid and 
its derivative 2, 3-diketo-L-gulonic acid and cannot therefore result in an over- 
estimation of the net amount of the vitamin lost in milk and urine. On the 
other hand, there could have been an overestimation of the physiologically 
potent amount derived from foods. Any error therefore would be in the direc 
tion of underestimating the negative balance, 


The only hypothesis that would account for the above data is that of syn- 
thesis of ascorbic acid in the body either normally or adaptively during preg- 
macy and/or lactation. The formar possibility has been indeed suggested by 
Davidson and Passmore (1966) as well as Mitchell (1964) and others (Baker, 
Bierman and Plough, 1960). However, this hypothesis is hard to reconcile with 
ths Incidence of scurvy in human populations and its predictable onset with 
vitamin C deprivation although it is possible that the amount synthesized is 
not sufficient to meet all the requirements. In this connection, Baker et al 
(1960) have found evidence of ascorbic acid synthesis in man from labeled D- 
glucuronolactone. 

The possibility of placental synthesis of ascorbic acid has been suggested 
by Bagchi (1958) who found no differences in the placental concentration of 
the vitamin between those who were supplemented with ascorbic acid and those 
who were not. Histochemical studies carried out by the same author using acid 


function has been attributed to it except for some reserves of glycogen and fat, 
There is not а similar high concentration of other nutrients which are trans- 
mitted generously to the fetus (e.g. calcium and iron). Nor is its structure 
‘suitable for this function, — 

In studies carried out in this laboratory, human placenta was found to 
‘contain the intermediates and enzymes of glucose metabolism, The former 
included glucuronic acid. Its oxygen uptake i vitro was quite high (170- 
190 ml. per g. per hour). Another interesting observation was that the distri 
bution of ascorbic acid, dehydro-ascorbic acid and diketogulonic acid in the 

10-2078 
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placenta was very similar to that in the mature lemon which is known to syn- 
thesize ascorbic acid (Rajalakshmi and Rakamrishnan, 1969). 

Investigations were also attempted on the enzymic synthesis of ascorbic 
acid in human placenta with the procedure used by Chatterjee er af (1957) with 
liver tissue, In the original studies only 27 out of 40 samples were found to 
show activity (Rajalakshmi ef al, 1957). In subsequent studies it was found 
in all the samples. It is now felt that in the original series some of the samples 
might have lost their activity before they were assayed on the basis of the ob- 
servation that this happened within 4 hours of storage in the deop-freeze in 
samples showing activity. 

However, these studies suffer from the limitation that the product formed 
was determined by the dye-titration method which is not specific for ascorbic 
acid. The product formed was sought to be identified in selected samples by 
paper chromatography and the experimental showed а bigger spot than the 
‘blank. 





Further studies using isotope techniques are needed to ascertain ascorbic 
acid synthesis in the placenta. We are encouraged to hear reports of similar 
findings by Walker in South Africa (Sir David Cuthberton, personal communi- 
cation), 

Even if we accept tentatively the hypothesis of placental synthesis of ascorbic 
acid, the difficulties are not quite solved. The question arises as to why in the 
face of such synthesis 'eater spill over of ascorbic acid in urine does not occur 
during pregnancy. It is possible, however, that the vitamin, if synthesized, 
is stored in the uterine mucosa rather than allowed to spill over into. the blood 
stream, Further, urinary excretion of the vitamin did not differ between poor 
and upper class women although their blood levels of the vitamin 
were different, Я 

- A question also arises as to the differences found between poor and upper 

- class women with regard to milk, blood, and placental concentrations of as- 

© eorbic acid. In the event of placental synthesis, it is possible that amount 

© synthesis, it is possible that amount synthesized varies with the nutritional 

- status of the subject with regard to protein, vitamins etc, ‘These factors have 
‘been found to influence liver synthesis of ascorbic acid in rats (Terroine, 1960 ; 








Ый one in ra в ао aceguned for by Шееле lon 
the placenta as compared to the lemon fruit (Parekh, 
The activity was about 20% of that 
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Present genuine synthesis of ascorbic acid in placenta, the rate of such syn- 
thesis in relation 10 body weight would be only 2% of the rate in rat liver on 
the basis of enzyme activity. 1а this connection turnover rates for ascorbic 
acid are found to be much slower Їп man (1 mg, kg. day) than in rats (26 mg. 
kg. day) (Hellman and Burns, 1958). Ir must also be pointed out that the meta- 
bolic activity of the placenta із considerably reduced аң erm, If this indicates 
а relatively low rate of synthesis, it would account for the absence of dramatic. 
effects on blood and urinary excretion. Im any case it is possible that most 
of the vitamin synthesized is transferred to the uterine mucosa, 

In conclusion, lactating women belongiag to the low income group were 
found to b3 ia prolonged aszative balance with regard to vitamin C and yet 
had levels of blood vitamin C whieh corresponded to much higher intakes of 
the vitamin in the literatures (Woodruff, 1960. Preliminary studies suggest 
the placental synthesis of ascorbic acid but this needs to be confirmed by more 
precise techniques. The inference of negative balance is bated on data ob- 
Gained on dietary intake, milk secretion and urinary excretion of the vitamin 
in nursing mothers. The data oa the latter are consistent with a large body 
of information Available on each aspect, and with similar data obtained by 
Dr. Bagchi in Calcutta, 
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EFFECTS OF NUTRITIONAL DEFICIENCIES ON THE METABOLIC 
ACTIVITY OF THE BRAIN* 


R. КлулгАКЗИМ! AND C, V, RAMAKRISINAN 
Department of Biochemistry, Baroda University, Baroda, India 


When we started our investigations on the relation between nutrition and 
brain function, it was necessary to justify the conduct of such investigations 
to sceptics. Even the NRC-NAS report (1959) oa protein listed the effects of 
Protein deficiency on the CNS as nil, The past decade has witnessed the wide 
spread acceptance of the possibility that brain development and function, 
specially in the young child or animal, may be affected by nutritional deficiency 
although not enough work has been done to justify generalisations about the 
typ, duration and severity of deficiency that affects the CNS adversely, the 
Parameters affected, the age or developmental stage at which such effects are 
found etc. 

Among the parameters investigated the protein, DNA, RNA and lipid 
contents of the brain seem to be the most popular choices as development and 
maturation are associated with changes in the amount and concentration of 
these substances. Very few studies have been carried out on metabolic aspects. 

‘This may partly be duc to the fact that, till recently, the brain has been 
looked upon as a more or less static orgain undergoing no chemical change 
after reaching full development im early infancy. Such an assumption is no 
longer warranted. A rapid turnover of brain proteins has been indicated by 
isotope studies (Gaitonde and Richter, 1956), The brain is one of the most 

‚ active matabolic-sites and manufactures several of its constituents such as glu- 

tamic acid, the entry of the same from the blood stream being restricted by 

blood-brain barrier (Waclsch, 1957; Richter, 1962). Cerebral metabolism 
is found to account for 20-25 per cent of basal metabolism in the adult (Kety, 

1957) although the weight of the brain constitutes less than 3 per cent of body 

weight. Such an active metabolic state implies a continuous requirement for, 

and availability of, enzymes, cofactors, amino acids ctc., and it is hard to believe 
that these would not be affected by protein deficiency. 

‘The brain compares with plasma and liver in its concentration of essential 
aminoacids, but has a much higher concentration of non-essential amino acids 
(Масе, 1957). Glutamic acid, glutamine and Gamma aminobutyric acid 
(GABA) account fora substantial portion of the latter. Most of brain glutamic 
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acid is locally synthesized (Strecker, 1957) and the rate of incorporation of 
labelled glucose in brain aminoacids is high as compared to that in the liver 
(Gaitonde, Dahl and Elliott, 1965). 

Another consideration is that GABA and some other amino acids are uni- 
quely preseat in the brain. GABA is of particular interest as glutamic acid 
and GABA are believed to have respectively facilitatory and inhibitory actions 
оа dendritic activity in the brain (Jasper, Khan and Elliott, 1965). Although 
the electrophysiological role of GABA is a complex and controversial one 
(Curtis, 1963), the relative concentrations of glutamic acid and GABA may 
conceivably determine the level of background electrical activity in the brain, 
Further, the glutamate-GABA system provides a metabolic shunt in the brain 
accounting probably for the capacity of brain tissue to utilize for respiration 
glutamic acid and GABA bat not other amino acids (Weil-Matherbe, 1936). 

Till recently, conduction along the nervous system was believed to be an 
all-orenone affair, the brain functioning more or less like а telephone exchange. 
We now know that, in addition to this mode of transmission along the axons 
of nerve cells, there is another mode of transmission across the dendrites (Hebb, 
1960), The axon cither responds fully, or not at all, to stimulation (all-or- 
none response), whereas the response of the dendrite varies with the strength 
of the impulse (graded response). The latter results in diffuse transmission 
which does not reflect the original nature of the nerve impulse, but is very neces- 
sary for maintaining background electrical activity in the brain, Dendritic 
activity is evident in deep sleep and is believed to influence the level of arousal 
(Magoun, 1962). 

‘The learning process is believed to involve the repeated firing of groups of 
neurons or neuronal assemblies (Hebb, 1949). Such firing cannot be efficient 
if the background electrical activity is too low, in which case it may not take 





Proper balance between the two (Hebb, 1970). 
‘These considerations prompted us to investigate the effects of different 
(rye йрт A Шинин ЧАКА rT Вн. 
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calories and vitamin A. Studies were also made of the effects of а diet poor 
in protein quality and of glutamic acid supplementation. 

Additional data were obtained on the differential effects of protein defi- 
ciency on the distribution of selected enzymes in different regions of the brain, 
їп vitro oxygen consumption, and concentrations of protein, glutathione and 
ascorbic acid. 

The differences in oxygen consumption found between animals fed low 
and high protein diets led to a study of some of the enzymes involved in. glyco- 
lysis and respiration. 

In all these studies, unless otherwise stated, weanling albino rats weighing 
4250 g at start wore used, Except for studies on protein quality, standard 
semipuritied diets using starch (sago Йош), vitamin-free casein, groundnut oil, 
salt and vitamin mixtures were used. 
рейт: 

Protein deficiency was found to produce significant deficits in body weight, 
brain weight, brain glutamate dehydrogenase and decarboxylase but had no 
effect on the activity of GABA transaminase (Rajalakshmi, Pillai, and Rama- 
krishnan, 1969). The effect was not due to a decrease in food intake with the 
low protein dict as no deficit was found in an additional control group pair-fed 
with the low protein group (Rajalakshmi, Jacob and Ramakrishnan, unpub- 
lished), 

The above changes would be consistent with other changes reported with 
protein deficiency in studies cited earlier such as disturbed EEG patterns and 
poor learning capacity in animals and children. Such changes if they occur 
would perhaps account for tremors observed during recovery from. kwashiorkor 
(Kahn, 1954; Udani, 1960) as such recovery may be associated with changing 
levels of glutamic acid and GABA. 

Аз ordinary diets in poor countries are deficient not only in quantity but 
also in quality, studies were made of the effects of improving protein quality 
‘on these brain enzymes. Supplementation of kodri (Rajalakshmi, Pillai and 


consistent 
1990 a compared to кэ, However, the weight gains produced by maize 
М 
V Ecce “the wheat diet corresponded to one cotaining 6-7%, protein, 
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As the original experiments on protein content were done with 5% and 20% 
protein and an increase in brain enzymes was obtained by supplementation 
protein without increase in nitrogen content, 
а question arose as to the critical level of protein needed to prevent the effects 
of protein deficiency on these enzymes. In a subsequent series of investigations 
Protein content was varied at 5, 6, 7, 8, 10, 15 and 20%. With а protein content 
‘of 8% or more in the diet no deficit in enzyme activity was found (Rajalakshmi, 
Parameswaran and Ramakrishnan, unpublished). With seven per cent these 
were only slight whereas definite deficits were obtained with six per cent protein 
or less. In the light of these observations, a clearcut deficit in GDH and GAD 
should have been expected with the maize and bajra diets. The absence of 
such deficits suggests that their higher protein content and perhaps their higher 
concentration of individual aminoacids such as glutamate may compensate 
for their poor protein quality. 

Since the amount of protein needed for rehabilitation of protein deficient 
animals may be more than that needed for preventing the effects of deficiency, 
animals fed а 5% protein diet for 10 weeks were rehabilitated with 8, 10, 15 
and 20% protein diets. Enzyme activities were restored to normal levels with 
10% or more protein in the diet but restoration was only partial with 8% protein 
(in the form of casein), 

The question arose from the above observations whether decreasing the 
protein content below 5% would affect the size of the deficits. Dietary protein 
content was varied at 0, 1, 2, 3, 4, 5 and 20 per cent (Rajalakshmi, Parameswaran 
and Ramakrishnan, unpublished). At levels below 4% there was definite 
weight loss. With 4% protein (and about the same percentage of protein calo- 
ries) body weights were just maintained. This is consistent with the observa- 
tion that about 4 per cent protein calories are adequate for maintenance but 
not for growth (Miller and Payne, 1961). Decreasing protein levels below 
5% was not found to decrease further GAD activity. 

А most surprising observation was made when the protein content of the 
diet was reduced to nil or negligible amounts (0.2 per cent in the starch source 
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glutamate dehydrogenase may be important. In this connection, it has been 
reported that during complete protein deprivation brain glutamate increases 
(Lehr and Gayet, 1966). 

Studies were also carried out to identify the duration of deficiency needed 
for the production of measurable deficits. Groups of animals were killed at 
1, 2, 3, 4 and 5 weeks after the initiation of treatment. Clearcut deficits ín 
Hlutamate decarboxylase were observed only with 5 weeks but glutamate de- 
hydrogenase was found to be affected at 3 weeks (Rajalakshmi, Parameswaran 
and Ramakrishnan, unpublished). 

The above experiments. were carried out on weanling rats, Since it is com- 
‘monly believed that the effects depend on the age at which deficiency is produced, 
the experiments were extended to rats at 12 and 18 weeks of age. When trent- 
‘ment was begun at 12 weeks of age the animals were still affected. but the effects 
were found at 10 weeks but not at 5 weeks suggesting their decreased suscepti- 
bility to the effects of deficiency. With older animals (18 weeks at start) no 
effects were found even with 10 weeks of treatment suggesting that the brain 
in the older animals may be less susceptible to deficiency as might be expected. 
Further studies are needed to see if a more severe deprivation for a longer period 
would affect the older animal. 

In this connection, in man, diseases such as pellagra caused by protein- 
vitamin deficiencies and associated with CNS symptoms do occur in the adult 
(West and Todd, 1961). Mental symptoms and disturbed EEG patterns are 
found in the adult with a variety of deficiencies including that of vitamin B, 
(Wokes, Badenoch and Sinclair, 1955). 

Glutamic acid + 

Several beneficial effects have been claimed for glutamic acid supple- 

mentation on the psychological performance in children (Zimmerman, 








barrier although it may do so ata very slow rate. Also, under certain condi- 

ions, the blood brain barrier against this amino acid is broken by means of 

` physical or chemical methods such as local freezing. or ethyl chloride treatment. 
ELI 
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(Purpura er al, 1958). It is also possible that the LP dict may bring about 
changes in the operation of the blood brain barrier. In this connection, some 
histological studies suggest that the integrity of cell membranes in nerve cells 
may be affected in dogs subjected to severe protein deficiency (Platt and Stewart, 
1969). Some changes in membeanal structure would be consistent with the 
observation that brain tissue slices of low protein animals use glutamate more 
eficieatly for respiration than those from high protein animals although the 
reverse was observed with homogenates (Rajalakshmi, Thrivikraman and 
Ramakrishnan, 19710). The lack of any effect of glutamic acid supplementa- 
tion in the ease of the HP group may be due to the fact that the HP diet. contains 
liberal amounts of glutamic acid even without such addition, 

It is interesting to note in this connection that cereals such as maize and 
‘wheat contain generous amounts of glutamic acid (Naik and Das, 1972), This 
might account for the absence of brain enzyme deficits when these grains are 
fed although their protein quality is poor. 


Calorie» 


In the studies cited eartier, animals fed the high protein diet in restricted 
amounts did not show any enzyme deficits suggesting that the effects of calorie 
deficiency may be different from those of protien deficiency. Several studies 
confirmed this (Rajalakshmi, Pillai, Parameswaran and Ramakrishnan, un- 
published). However, calorie deficiency during the neonatal period had а 
transient effect which was found at 2 and 4 weeks but disappeared when the 
animais were fed ad libitum after weaning (Rajalakshmi, Parameswaran and 
Ramakrishnan, unpublished). In the post-weaning period restriction of food 
on a 20% protein diet to half or one-third that of controls (5% protein diet) 
fed ad lib was without effect but a combination of neonatal undernutrition and 
Post-weaning food restriction to 1/3 of control values was found to decrease 
both GDH and GAD. It has been suggested that even when the diets are 
adequate with regard to protein, when they are fed in restricted quantities, 

deficiency may result as a result of the use of protein as fuel, In the 
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Vitamin А: 

Studies were made of the effects of vitamin deprivation using low and high 
Protein diets. A deficiency of vitamin A was found to decrease the activities 
of both GDH and GAD (Rajalakshmi, Jacob and Ramakrishnan, unpublished), 

In these experiments the vitamin was entirely omitted from the diet. Tt 
remains to be investigated whether these effects are also found with diets con- 
taining deficient amounts of the vitamin, Critical levels of vitamins needed 
for preventing these deficits should be identified. 

Maternal deficiency : 

Maternal protein deficiency had relatively little effect on body composition, 
psychological performance or brain enzymes in animals fed a normal diet after 
weaning although weaning weights were markedly affected (Rajalakshmi, 
Khanum, Upadhyay and Ramakrishnan, unpublished). This is perhaps not 
surprising as maternal proteia deficiency affects the amount and not the protein 
content of milk secreted. Some transient effects before weaning cannot, how- 
ever, be ruled out as such effects were found with food restriction during the 
neonatal period brought about by increase in litter size. 

NAD glycohydrolase : 

Essentially similar results were obtained with NAD glycohydrolase (Raja- 
lakshmi, Rao, Thrivikraman, Parameswaran and Ramakrishnan, unpublished). 
Psychological performance : 

Most of the conditions which influenced brain enzymes also affected psycho- 
logical performance as judged by a variety of parameters such as performance on 
the Hebb-William Maze, water maze, visual discrimination and reversal learning, 
locomotion scores and certain tasks involving psychomotor coordination, 





Regional differences : 

‘As the brain is far from a homogeneous bowl of porridge, the studies on 
protein deficiency were extended to different regions. As expected different 
regions of the brain showed variation in chemical composition and metabolic 
activity (Rajalakshmi, Thrivikraman and Ramakrishnan, 1971a,b,c). But 
it was interesting to note that they also differed in their susceptibility to the 
effects of protein deficiency. 

consumption under different 

The ‘consumption 

by protein deficiency. In many brain regions D eo sre bap о а 


was decreased or reversed with the use of glutamate as substraic (Rajalakshmi, 
 Thivikraman and Ramakrishnan, 19710). 
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Enzymes of carbohydrate metabolism : 

"The differences in glucose utilization suggested the possibility of differences 
in the activities of enzymes concerned with carbohydrate metabolism. Among 
the enzymes investigated, activities of phosphofructokinase, lactate dehydro- 
‘genase, isocitrate dehydrogenase (NADP linked) and malic enzyme were found 
to be decreased by protein deficiency whereas hexokinase, aldolase and malate 
Azhydrogenase were not affected, Phosphofructokinase, isocitrate dehydro- 
grnase and aldolase wore also decreased by vitamin A deficiency, It is inter- 
esting to note that one of these (aldolase) was not affected by protein deficiency. 
Lipid composition of the brain 

Brain lipids were not found to be affected by protein deficiency during the 
postweaning period but undernutrition during the neonatal period маз aso- 
сімей with a decrease in total lipids, cholesterol and phospholipid. 
Conclusion + 

1а conclusion protein and vitamin A deficiencies during the immediate post- 
weaning period wore found to produce deficits in brain GDH and GAD and 
NAD-glycohydrolase but none in GABA-T. Similar effects were not found 
with postweaning calorie restriction but found during the neonatal as well as 
post-weaning periods, The deficits were evident with a protein content of 
61% or less and with five weeks of treatment. When 12 week old animals 
wore subjected to deficiency, a longer period of treatment was found to be 
necessary to induce these deficits. With 18 week old animals, no deficits were 
found even at 10 weeks of treatment. Glutamate was found to reverse the 
‘effects of deficiency, 

‘An important observation that arose in several studies was the absence of 
а consistent correlation between brain weight and brain enzyme activities. 
The former was sometimes affected when the latter were not, as in the case of 
calorie deficiencies in the post-weaning period. On the other hand, the reverse 
‘was true in the case of glutamic acid supplementation and certain other 
conditions, 3 
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THE PROTEIN NUTRITION PROBLEM 
Р. М. SENGUPTA 
Formerly FAO Nutrition Officer (Food Policy Planning) 
INTRODUCTION 


Protein nutrition in young children is the major nutrition problem of the , 
World and major cause of ill health, Over 300 million children suffer grossly 
from retarded physical growth and development because of lack of right food 
and deficiency of protein. Protein deficiency is common in the developing coun- 
tries but sub-clinical deficiency is more prevalent, According to FAO's esti- 
mate about 1500 million people do not get food of right quality of which shortage 
of protein is the most significant cause of malnutrition, 

Although proicin deficiency may predominate yet calorie deficiency along 
with protein deficiency known as Protein-Calorie Malnutrition (PCM) com- 
plicates the situation more gravely. This may occur at all ages but its impact is 
greatest in weaning and immediate post-weaning periods. Apart from the effect 
оп growth mild and moderate protein deficiency in low income groups in the deve- 
loping countries reader young children susceptible to respiratory and gastrointesti- 
nal infections as weil as to the retardation of intelligence. The incidence of such 
diseases causes mortality 20 to 50 times higher in 1 to 4 years age groups, 

Pregnant and lactating mothers form another vulnerable group in whom 
the low protein intake may manifest in different ways, There is some evidence 


that a relationship exists betwen low birth weight and low protein intake of 
mothers. Pregnancy is followed by lactation which involves increased Joss of 
Protein from the body and consequently an additional protein requirement, 
Due to the established fact that protein and amino acid composition of milk 
from malnourished mothers are not significantly different from the milk from 
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Supplies of calories, protein and fat per caput per day in the country for the 
Particular year derived from the production, import, export and disposal of 
Available supplies, Whereas food consumption surveys shows actual intake 
f calories, protein and other nutrients through consumption of different food 
groups in different socio-economic groups living in different ecological regions 
of the country. 

The available supplies of proteins (animal, vegetable and total) in grammes 
рег caput per day in India and in different regions of the World are given in 
Table 1. 
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It is observed that in the developed countries the daily рег caput protein 
intake comes to roughly 90 gms, in the developing countries the average is 
$7 gms (in the range 50-75 gms) and in some countries of South East Авіа it fs 
barely over 40 gms. The discrepancies are wider for protein from animal 
sources, 40-60 gms (av. 48 gms) in the developed countries, whereas in the 
developing regions 6-20 gms (av. 10.7 gms). In the latter cereals contribute 
57%, 68% in the Near and Middle East, and pulses 16.8%. Owing to. smaller 
amount of protein from animal products and diversity of supplies, the protein 
quality is unsatisfactory in the developing regions*. 

The problem is therefore unsatisfactory supplies both quantitatively and 
qualitatively. "The quality depends on the two factors: digestibility, (DC) 
which measures the proportion of absorbed nitrogen of the dietary protein 
and the Biological Value (BV) which depends on the amino acid composition 
and measures the absorbed nitrogen that is retained in the body. The product 
of these two factors or the porportion of nitrogen of food consumed that is 
retained in the body is net prorein utilisation (NPU) value of the dietary proteln 
and is the most useful indicator of the nutritional value of dietary protein. 
The term NPU operative (NPUop) is mostly used which refers to the utilization. 
of protein under those conditions in which it is actually eaten, Asa further 
step in the practical evaluation of diets, efficiency and concentration may be 
combined in a single index, which has been called the the ner dietary protein value 
(NDp¥) introduced by Platt and Miller’, This expression is obtained by malti- 
plying protein concentration by NPU determined at the protein level 


PROTEIN REQUIREMENT 





quirements"* 

to аве and sex, These protein 

< Reference Protein’ (NPU 100) and then expressed in terms of * Local Protein * 
taking into account the operative Net Protein Utilization (NPUop) in the country 
in question. FAO has determined the NPU value of dietary protein in India 
which is 53907, The protein requirements are shown in Table 3, 


‘when the protein supplies of the 
ог the supplies and the require- 
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mean requirement. This is considered as * Practical Allowance" or the Re- 
commended Allowance on the basis of which the production prospects and 
food policy should be based (Table 4). 

Farthermore, to fulfil the quantitative aspect of protein requirement, the 
calories derived from dictary protein should be equal or above 10% of the 
available total supplies of protein (Table 4). 


Tau 
Protein requirement 
Gm per Kg, body weight per day 
Age (monthulyean) Reference Protein Local Protein is Тош Protein 


p^ (DX Cof Me) оды NPU 333% 
Practical Allowance 
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"The following are some of the reasons for the marked difference in the 
supply and the requirement of protein : 

() Tlie marked difference in the per capita food production between the 
developsi and developing countries is increasing because the death rate is 
declining, birth rate remaining high and the crop yield still low in the deve- 
loping countries. Ia India, inspite of ай the efforts on family planning 14 
million poople are increasing every year. The production of cereal crops 
incraased to meet the needs but that of other essential food items showed no 
immediate prospect of meeting the need 

ON While the qumtity of food in terms of Calociesis already causing concern 
in many areas through the developing world, the quality (notably protein) of 
the food consumption pattern is even more critical, The protein-calorie balance 
оГ the diet of over one-third of the population of the developing world is in- 
adequate. 

(if) The gap between the nutritional requirements and the actual consump- 
tion of autrients particularly of protein is widening rapidly with greater impact 
‘on young children—in many countries, one-third dic before reaching school 


(п) Most developing countries are achieving significant increase in food 
production but the per capita food levels are declining as the population growth 
rates exceeds the rates of increased food availability. 

Besides non-availability of adequate amounts of protein-rich food to meet 
the needs of the growing population there are several other reasons 100 : 


(9 Таміедоме knowledge of processing, handling and marketing opera- 
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cally the policy is feasible but too difficult for meat, milk and such other etsen- 
tial food item. Furthermore, Ше production and commercial policies of rich 
countries is major handicap to the progress of poorer countries since they must 
have cash income and must export to earn foreign exchange. 

The question therefore arises whereform this extra food will be availaale. 
Should these be shipped to the developing countries from the producing coun- 
tries like North America, Western Europe, Australia and New Zealand. tis 
the official view of FAO that this extra food should be produced in the country 
since the problems will not be solved by supplying from the developed countries 
—need for rapid increase in food production incentive ia the developing 
countries, 

In 1962 food import costed the developing countries 3 billion dollars, If 
increased demand is to be met by import, it would cost 40 billion dollars ín 
1985, Secondly, it is hardly possible that the developed countries would be 
agreeable to give food aid on a permanent basis, Thirdly, the agricultural 
people must find employment, otherwise they will migrate to cities, 


Риолстюх INTO 1975 AND 1985 кок INDIA 


It is necessary to set close future dates when such requirements will be covered, 
The INDICATIVE WORLD PLAN OF FAO" set 1965 as the base year and adopted 
1985 as the horizon year, with an intermediary stage in 1975, The next was to 
take into account individual requirements and population growth to determine 
the production goals for these two horizon dates. This was done country by 
‘country. The case of India is presented here. 

Considering the population growth projected into 1975 and 1985 (using. 
the medium variant of the United Nations assumption), it follows that oe 
90 per cent higher protein supplies will be necessary by these dates, Obviously, 
thet fraction of tbe population whose requirements are already covered will 
grow in number and its consumption will continue to increase ог be of better 
quality. Assuming for this segment, a 2% rise in income per year and elasti- 
city of protein demand of 0.3 (it is 0.55 for all of India), the total increase ta 
“protein supplies will bave to be 60 per cent by 1975 and by 95 per cent 

` Table 5 ргезсш» the indices of protein supplies (increased production of 
Созу 1975 and 1985 to cover Practical requirements (P) 
pr 1207; of Mean requirements (M). This Table also gives indices 
1 on of foods required to attain the objective (O) of caloric supplies 
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by the same dates, as compared to the supplie available in the base year 
of 1965. 
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Although efforts may be made in various. ways to meet and close the protein 
рәр, the only subject to be discussed here is increasing of available supplies of 
Protein foods—proteins of vegetable origin, Cereals constitute staple food 
of 95% population in the developing countries. Here are the percentage con- 
tributions of cereals to protein supplies in the principal developing countries 
of the World. 


Basia Айка—33%; North Afia 0% 
‘Near East—68%, India, Pakistan, Geyloo—65% Third wodd— 585; 
Eastern Europe—S0% Mexico, Cent. America 48%; Entire World 16%, 


Hence the principal method of increasing pride eo 
promote the production of cereals. Although the protein-calorie % 
of the cereals exceeds 10%, their NPU i ony between 0 ent Soe, tb 
therefore necessary to improve the quality of the diet by simultaneous produc- 
tion of certain quantity of protein foods other than cereals (pulses, animal 
products) for supplementation. 
_ It is necessary to pay special attention to the protein quality of selected 
seeds. aT era DD ri i) 
already 
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variety, Mexico was pioneer in producing high yielding wheat. The results 
of supplementation are shown in Table 6. 


Tou 
Influence af protein valve by sigplesscstation with high pie hh protein varieties of cereals expressed 
"ar per cupa per day 
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1. Higher protein content does not necessarily mean higher NPU of the 
diet (see Iran). The improvement is negligible in Philippines and in no way 
proportional to higher protein intake because of the poorer quality of the protein 
in the cereals. 


2. A major increase (from 30 to 35%) in net protein level з obtainable 


would be necessary to attain a production level such that a great majority of 
‘the people will have an adequate protein Intake, The Indicative World Plan 
‘of Agricultural Production reaches a pessimistic conclusions for most part of 
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" NEUROCHEMISTRY OF MALNUTRITION* 
RANAITKUMAR DATTA, 


Beth Israel. Medical Center, New York, N. Y. 10003, and Mount. Sina! Schoo! 

of Medicine of the City University of New York, New York, N. Y. 10029 
Perinatal malnutrition. produces life-long mentol Might 

The infantile malnourishment is outstandingly serious because infancy is 
the period during which malnourishment esn produce highly датар 
that may persist and be pathological in later years. — Before children are out 
of their mothers’ arms, they are mostly victims of malnourishment in India, 
Pakistan, Bangladesh, Biafra, Chile, Mexico, Puerto Rico and elsewhere through- 
‘out the world. Those who manage to survive may be doomed to life-long 
mental blight. Numerous experimental and clinical findings have pointed 
sharply towards the conclusion that malnourishment imposed during a critical 
period of development produces permanent changes in brain structure and 
function. Neurological abnormalities, such as apathy and lethargy, аге promi- 
nent symptoms of severe malnutrition in children. Both specific and nonspecific 
'electroencephalographic changes may occur (reviewed by Winick and Coombs’, 
Some important neurochemical changes that occur in malnourished children 
are discussed in this review. Some of thes changes have already projected 
igh risks of retardation of mental development as a result of perinatal mal- 
nourishment, These changes have enormous implications for about 400 million 
children living in food-deficient underdeveloped areas of the world and growing 
оп protein-calorie diets. These are all the more disturbing as far as the future 
‘of malnourished children of India is concerned. 
Perinatal malnutrition decreases brain's cellular contents 

The number of brain cells becomes final at birth. It is not therefore un- 
likely that dietary restriction, particularly that of protein, during gestation of 
mother, may result in some permanent reduction in brain cells. Zamenhof 
and associates? at Los Angeles’ University of California School of Medicine 
this point by carrying out an animal experiment. with female rats main- 
оп 8% or 27% protein diet by pair feeding schedule for one month prior 
o mating and through entire gestation period. ‘The investigators observed 
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the protein content per cell was lower in newborn rats of protein-deprived 
mothers. In a more recent experiment, Enwonwu and Glover fed either 5% 
or 18% protein diet to timed pregnancy rats obtained at 14 days of pregnancy. 
The pups were sacrificed on day 2, 10, 15 and 21 postpartum. At all stages 
cerebral contents of RNA, DNA and protein were lower in the malnourished 
pups than pups suckled by adequately fed dams. In the former, RNA, DNA 
and total protein increased 3.6, 1.4 and 7.0 fold respectively between the days 
2 and 21 compared with increases of 4,5, 2.0 and &0 fold for the equivalent 
fractions in adequately fed pups. Further, concentrations of tyrosine, aspartic 
acid, glutamic acid, alanine and leucine were lower in the brains of malnourished 
than in control pups. Furthermore, uptake of "C-leucine into cerebral poly- 
somes after 1 hour of incubation was lower in malnourished pups than in well- 
fed pups. Nutritional restriction during the period of rapid postnatal brain 
growth also decreases brains cellular contents. Howard and Granoff* sub- 
jected mice to nutritional restriction by intermittent removal from their mothers 
during the period of rapid postnatal brain growth at 2 and 16 days of ape, using 
split liters. А 57% reduction in body weight was produced in 16 days, There- 
after, they were fed ad libitum. At nine months, body, cerebral and cerebellar 
weights were reduced by 17, 7 and 14% respectively, compared to Jitter mate 
controls, Total DNA was reduced 8% in the cerebrum and 22% in the cere- 
bellum. Thus, quite mild malnutrition at the time of fastest brain growth 
brings about a lasting deficit in brain size, in the number of brain cells and 
thelr cellular contents. Nutritional improvement afterwards does little or 
nothing to correct the damage that has already occurred as a result of mal- 
nutrition at a critical period of development. In contrast, severe undernutrition 
applied after the critical period has less effects that are more rapidly rever- 
sible. There are aspects of brain growth which must ecur at the correct chrono- 
logical time and if this opportunity is missed due to nutritional or other res- 
rictions, complete rehabilitation may not be possible. In rats and mice, the 
period of fastest brain growth is believed to be the first few weeks after birth, 
Tn man, the corresponding period of rapid brain growth is believed to be the 
last few weeks before birth. Clinical data point out that undernutrition in 
early human life results in the reduced brain size and weight’, 

‘Malnutrition lowers brain DNA 
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early nutrition appears to be а key to normal division of human brain cells. 
Animal studies hyve exablished that lack of sufficient proicin intake interferes 
with DNA synthesis and consequently with brain cell division *, *, '. Dr. 
Winick at the University of Chile at Santiago studied brains. of infants less 
than a year old who ‘had died of wanting disease (marasmus) and compared 
them with brains of normally nourished U.S, and Chilean infants who died 
of accidental causes betwen 13 weeks of gestation and onc year of age, 
Babies who died of marasmus hod 25% fewer cells in thie brains thon the 
wellnourished infants, and few had up to 60% fewer cells. In other words, 
the increases in DNA with growth was not found in brains of Chilean infants 
who died from marasmus—a disease of protein-calorie malnutrition. He 
also showed that damage to brain of а human infant is irreversible if 
malnutrition occurs. before six months of age. 
Malnutrition impairs learning. behaviours and mental capacity 

In a study at Johns Hopkins University at Baltimore difference in activity 
and emotional behaviour as well as learning behaviour were shown in progeny 
of mather rats restricted to $0% overall ad libitum dietary intake during pesta- 
tion and lactation, la an extended study, it was farther demonstrated that, 
in contrast to the normal group, animals from mothers underfed during gestae 
tion were timid, and their normal social interaction was much inhibited’. In 
nother animal study at Cornel! University at Ithaca, it was demonstrated that 
early protein-calorie malnutrition resulted in long lasting changes in both food- 
related and non-food-related behaviour. Winick showed in experimental 
animals that early malnutrition resulted in impaired learning ability’. Several 
retrospective: studies in developing countries throughout the world in which 
Gireful control groups were chosen have suggested again and again that early 
malnutrition interfered with children’s lesming ability (reviewed Winick and 
Coombs!) Even infants in the U.S.A. who were severely malnuurished in 
fife performed consistently poorly when subsequently tesi: #1 a later age’. 
Кар 1968, Dr. Р. ынем, óf the Department of Pediatrics and 








er 
life were markedly impaired and an intermediate state of malnutrition produced 
Кый intermediate nature, According to the evidence presented 
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Malnourished children have poor 1,0, 


A group of 14 infants admitted to metabolic wards of Dr. Beas’ Santiago 
hospital with severe marasmus were found to have height and cranial circum- 
ference measurements under the third percentile after some years of follow-up. 
Binet testing showed the present intelligence quotients (LQ.) of these children 
averaged only 62. In а retrospective analysis, Cabak and Najdanvic™ demons- 
trated that Serbian children with a history of marasmus had significantly lower 
TQ, than Serbian children in general. Stoch and Smythe", studying South 
African children, showed previously that those malnourished carly in life were 
smaller than a control population and had reduced head circumference and 
LQ. even after long-term follow-up. Cravioto and other © studied popu- 
lations of uniform socio-economic backgrounds in Mexico and Guatemala 
and found that performance on psychological tests was related to. dietary practi- 
ces nnd not to differences in personal hygiene, housing. cash income, crop 
income. proportion of income spent on food, parental education and other 
social or economic indicators. Further they found that earlier the malnutri- 
tion, the more profound is the psychological retardation, and that the most 
severe retardation occurred in children admitted to hospitals under 6 months. 
of age. In Cravioto's studies in Mexico, infants, victims of malnutrition in 
their fest six months, faced the possibility of never catching up despite later 
adequate feeding. and there was a tendency for malnourished infants to remain 
‘intellectuatly deficient in comparison with their siblings, In terms of audio- 
‘visual porformance and height, they never quite advanced to the point where 
they should be relative to their chronological age. According to Cravioto'*, height 
=a biological measurement of difference in nourishment—appears to correlate 
wiih the power of reasoning and intellectual achievement, Few years back, Dr. 
Rene Dubos of Rockefeller University studied the effects of early dietary depriva- 
tion on children in Guatemala. Indian infants in poor districts in Guatemala are 
"таей оп a diet rich in corn and poor in animal protein such as that in milk. 
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Does malnutrition. produce chromosomal damage ? 

Incidently, the above question was raised in a study in Mexico by Armendares 
and associates *, who studied 5 children with kwashirkor and 5 with maras- 
mus, Aged опе month to 5 years, these children were all severely malnourished 
with body weights 37-54% less than the ideal weights. The investigators carried 
Out cyiogenetic studies on the day of admission into hospitals and serially 
thereafter, and examined their Бопе morrow. According to their reports, 
(D chromosomal abnormalities were approximately six times more frequent 
in cells from the malnourished children, (ii) there was no consistent decrease in 
percentage of chromosomal abnormalities in malaourished children up to 60 days 
after initiation of rehabilitation therapy, (ii) chromatids had 178 abnormalities 
such as gaps, isogaps and breaks in cells from malnourished children and only 
six in those from controls, (in) malnourished cases showed serious abnorma- 
lities such as decentrics and aceattics, and (+) chromosome analysis of cells of 
the bone marrow showed 33% abnormalities. Further, seven children were 
reexamined after | year when they achieved normal weights for height. At 
this time, chromosomal abnormalities were still four times more common in 
their cells than in those of controls, These observations of malnutrition- 
induced chromosomal abnormalities which appear to persist have raised quer- 
tions regarding the consequences of these abnormalities on physical and mental 
health of the victim, 

Underfed children retard socio-economic developments 

‘The findings cited in this review tend to project high risks of retardation of 
physical and mental development in perinatal malnutrition. In parts of the 
world where the majority of infants are malnourished because of socio-eco- 
nomic reasons, the limitation of physical health and mental capacity means, 
dn the end, an impossibility of improving socio-economic developments. A 
‘backward country where infants are underfed or malnourished is almost doomed 
хо remain a backward country, “Not only are they (malnourished children) 
to be handicapped, but the resulting handicap may well prevent them from 
extricating themselves from the conditions which breed malnutrition, and there- 

fore their children are at risk of suffering the same handicap. Thus, poverty 
results ín undernutrition which causes retarded brain growth and function 
ae limits earning capabilities which lead again to undernutrition. 
vicious cycle first pointed out by Cravioto ™ “ (quoted from Winick 
s '). An over-populated nation such as India is likely to face a 

3 in the next decade when a substantial portion of her growing 

children will show signs of retarted physical and meatal development as a consc- 


. > даспее of malnourishment in their infancy today, This will be an additional 
Hb. 
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Burden on the developing Indian mation if proper remedy is not sought today. 
While India is making some efforts in restricting her population growth, which 
should be more drastically checked, it should be, at ihe same time, the nation's 
foremost responsibility to ensure proper and adequale nourishment to today's 
infants. There is no blanket solution for the problem of malnutrition except 
assigning priority on infants food and nutrition, While millions of Indian 
children are victims of malnourishment day in and day out, India is destined 
42 stop physically and mentally deficient citizens in near future unless she first 
feds her hungry and malnourished children, 
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RAUWOLFIAS: BIRTH OF A NEW DRUG FROM AN OLD INDIAN 
MEDICINAL. 


* +B, Muzeu 
Calcutta. 


The root of Rauwolfia serpentina Beuth. (Ssnscrit : * Ahlmardini* ; Hindi : 
* Sarpagandha,’ * Ardhachandrika" or * Chotachand* belonging to the Natural 
Order, Apocynaceac), а wild-gtowing plant in the tropics, has had a long and 
colourful record in Inding medical lore and local physicians employed it for 
esntucies for the relief of a great variety of ills. This medicinal herb hay been 
inantioned in several of the renowned treatises on Hindu Medicine, as a remedy 
for snake bites and insect stings. ft is also mentioned in ancient folk literature 
аз а febrifuge and а cure for dyssatery. Its reputation extended to Europe 
by 1563 (Gracia ab Horto) and there is authentic record of its usein 1690 (Ram- 
phius). In the * Herbarium Amboinese (1741), it was stated that Serpentina 
roots were “valet contra anxietatem,” meaning a drug which can remove all 
“anxiety states.’ la comparatively modern literature, the carliest reference 
to the medicinal uses of Rauwolfia serpentina dates as far back as 1891 (Dymock, 
W.). Tt was considered as" a foremost and most praiseworthy of Indian medi- 
cine,” and is said to cause uterine contractions and has been recommended as 
an ecbolic. The roots of the plant gained a reputation of being a general veda- 
tive and a cure for certain types of insanity, hysteria and epilepsy. In parts 


‘of Bihar, the root powder is sold in the market as ` Pagal-ka-Dawa ' (insanity 
cure drug). 

‘The drug owes its name to the German physician and botanist, Leonhard 
` Rauwolf, who towards the end of the sixteenth century made an extensive tour 
“in Asia and Africa in quest of medicinal plants mentioned by carly Greek and 
Arab physicians with a view to investigate them and published an account of. 
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his travels in 1583, A French Botanist, Plumier, 1903, named the plant Raw- 
walfia serpentina in honour of Dr. L. Rauwolf. 

The genus of Rauwolfia is widespread in the tropics in India, Burma, Ceylon, 
Java, South Africa, Brazil and other places and nearly 131 species are known 
ло exist, of which 8 are reported to occur in India. Some of the species already 
examined have been found to contain alkaloids and many are said to possess 
Valuable medicinal properties. Only about a dozen or so of these, viz. Raw- 
жоба serpentina Benth, Rawwolfia canescens Lian., ete. are commonly available 
and the information regarding the pharmacognosy, chemistry, pharmacology, 
etc, of the rest are extremely meagre. Amongst these, А. serpentina Benth, 
îs the most important and grows fairly widely in India and Pakistan, the Anda- 
mans, Ceylon, Burma, Cochin, China, Malaya, Java and the Phillipines. In 
Хайа it occurs in the moist aad hot parts of the sub-Himalayan regions, Rohil- 
Khand, Oudh and Gorakhpur, also in Konkan, N. Kanara, 5, Mahratta, the 
eastern and western Ghats of Madras State upto 3000 ft., in many districts. of 
Bihar and in North and Central Bengal. I is a small erect glabrous shrub with 
flowers, white to pale rose in colour and with fruits which are purplish black at 
maturity. Several sub-varieties of Rauwolfia and A. canescens grow in the same 
areas as А. micrantha, another species grows in Malabar coastal plain and R. 
densiflora in the Khasia mountains, Assam. So far these drugs have been 
«collected from wild sources and from isolated areas in the Himalayan foot-hills. 

Experimental cultivation of А. serpentina has been started recently in several 
suitable areas. Reports indicate that it can be cultivated from seeds as well 
as from stem and root cuttings ia the plains, in evergreen forests and the sub- 
Himalayan tracts. In pot plant experiments in the Central Drug Research 
Institute, Lucknow, about 30% germination from fresh seeds was recorded, 
which was extremely poor. The alkaloid content of the roots of the plant 
grown at higher altitude has been found to be greater than those grown at sea 
devel The Forest Research Institute, Dehra Dun, has shown that it is possible 
to obtain a yield of 2,000 Ib. of high quality roots per acre in two to three years. 
Early Therapeutic History : 

‘Until about 1929-30, its action on blood pressure was generally unknown and. 
modern doctors were ignorant of its value as a sedative, although 
molles шей the powdered root in infants for its calmative ‘effects, Г 

this Рива pl two Calcutta. 
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Khan of Delhi, another modern doctor interested in the study of ancient Arabic 
and Unani medicine, also observed independently the good sedative and blood 
Pressure-lowering effect of the drug He was so impressed with the virtues 
of this remedy that he induced two modern organie chemists, Siddiqui and 
Siddiqui (1930-30) to undertake a systematic investigation of the chemical 
composition of the drug. Almost simultaneously, at the request of Sen and 
Bose, R. N. Chopra at the Calcutta School of Tropical Mecicine, started 
а series of chemical and pharmacological investigations on Rauwolfia, in colla- 
boration with S. Ghosh, the noted plant chemist. The Delhi chemists 
isolated 5 crystalline alkaloids, and named them as (1) Ajmaline Series : Ajma- 
linine, Ajmalicin, and (2) Serpentine Series : Serpentine, Serpentinine, The 
Calcutta group produced a total alcoholic nitrogenous extractive and alio an 
alkaloid or а mixture of alkaloids with а m.p. of 135°. These active principles 
supplied the pharmacologists with the material needed for their modern pharma- 
ological investigation, 

Early Pharmacological Investigations : 

After more than one year's laboratory work, the first paper was published 
by Chopra, Gupta and Mukerji in 1933 in the Indian Journal of Medical 
Research, The conclusions arrived at by the workers on the basis of the pharma- 
ological evaluation methods then available are recorded below :— 

“ The alkaloid (from R. Serpentina) has a stimulant effect on the plain muscle 

of the intestine and the uterus." 

“The systemic blood-pressure falls due to dilatation of the blood vessels 
of the splanchic area. The respiration is depressed death occurring 
from failure of respiration due to the paralysing effect of the alkaloid 
оп the respiratory centre,” 

* The alkaloid has a pronounced effect on the central nervous system, In 
sub-lethal doses injected into the lymph sac of frogs narcosis quickly 
ensues. In mamamls the alkaloid produces symptoms which are 
attributable to its depressing effect on various cerebral centres in the 
reverse order of their development, The short period of exictement 
‘seen in guinea-pigs and cats is probably due to the dissolution of the 
higher centres as is so often seen with morphine, chloroform and alcohol. 
‘There is also evidence to show that there is some depression of all nerve- 

4 celis in the body.” ^ 
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as а remedy against hyperpiesis. Purgation is usually produced by 
the drug оп account of its stimulant properties on the plain muscles 
of the gastro-intestinal tract. Its stimulant effect on the uterine move- 
ments, both virgin and pregnant, coupled with its piir-relieving pro- 
perties should be useful duriag parturition. The drug is likely lo be 
а valuable addition to the armamentarium of physicians and further 
Work to place it on а definite therapeutic basis is in progres 
In 1941, Chopra and Chskravarti made а comparative study of the three 
Isolated alkaloids of the plant, namely, ajmsline, serpentine and serpentinine, 
obtained from Dr. S. Siddiqui of Delhi. In decerebrate animals xjmaline 
таБей the blood pressure while in spinal animals there was fall, which was more 
marked if the blood pressure was previously raised through adrenaline infusion, 
They suggested that ajmaline was a central vasomotor stimulant but had de- 
pressant effect оп the heart and peripheral vessels. The sum total of the effect 
was a rise of blood pressure in decerebrate animals because the vasomotor 
stimulation masked the peripheral depressant effect. When, however, the 
vasomotor centre was excluded, as in spinal preparation, the peripheral. effect 
alone prevailed. The effect of this product on intact animals was not reported, 
1а 1942, Chopra, Bove, Gupta and Chopra obtained the three alkaloids 
from Siddiqui and investigated the comparative action of these alkaloids. They 
‘confined themselves to а stady of the effect on blood pressure. They con- 
cluded that the chief preasure-reducing factor in the plant was serpentine, Al- 
though all the three alkaloids produced а fall in blood pressure after experi- 
mental hypertension, ajmaline and serpentine raised the blood pressure in 
intact normal animals, Tha crude extract also produced a fall in blood pressure, 


‘The hydrochloride of the total alkaloids from which ajmaline, serpentine and 
serpzatinine had been removed had no effect on blood pressure. The alkaloids 
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sedative principle of the drug, it was suggested that the alcohol-soluble fraction 
оп fractions other than the three isolated alkaloids was responsible for this 
Property of the plant. 

In 1944, Gupta, Kahali and Datta reviewed the whole position relating to 
the hypnotic principle of Rawwolfia serpentina. These workers recorded that 
the olcoresin fraction, free from practically all traces of alkaloids known at 
that tims, produced a sedative and hypnotic activity in cats, rabbits, frogs and 
guinea-pigs. The effect of this fraction was similar 10 that produced by the 
standard extract, commencing 3-4 hr. after administration and lasting for more 
than 24 hrs. These workers, therefore, just missed tho chance of discovering 
* reserpine’ from the oleoresinows fraction, which was later worked upon by 
the Swiss workers, loading to the discovery of * reserpine,’ the most important 
alkaloid in Rauwolfia. 

Early Clinical Observations : 

Professor Chopra was a pharmacologist with a strong clinical bent of mind 
апд as soon as the acute toxicity studies with the Rauwolfia alkaloid were come 
pleted in the laboratory and a dosage level safe enough for human adminis- 
tration could be worked out, he started out with human trials with both the 
standardized crude extract and the crude powdered materials from rauwolfia. 
On the patients under his care at the Carmichael Hospital for Tropical 
Diseases, Chopra and Gupta obtained satisfactory correlation of the data 
obtained in the Pharmacology Laboratory and he was so impressed with parti- 
cularly the prolonged sedation effect of the drug, that he and Mukerji 
undertook, in collaboration with the Director of the Ranchi Menn) Hospital 








ularly in cases with high blood pressure and mental agitation symptoms. 


n for doubt that Rauwolfia drug жаз a definite contribution to therapy, 
ty cn ч a Мей утыр э тен drug in 
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lines and used cither whole powdered roots, or extract or individual active 
Principles either alone or in combination with other drugs and have unani- 
mously found the drug to be effective in hypertension as well as in deranged 
‘mental conditions. Dr. Bhatia of Lucknow and Dr. Vakil of Bombay have 
also corroborated these results. 

1а the treatment of high blood pressure, the drug is well tolerated and accord- 
ing to Dr. Wilkins the effect of Rauwolfia is so gradual and easy that it brings 
about а slow but steady reduction without the body apparently being aware 
OF it, The use of crude preparation in American patients were associated with 
undesirable side effects such as drowsiness, Iassitude, and. diarrhoea although 
it has been considered as effective in types of hypertension and even superior 
to the hypotensive agents in several clinics ia Germany. Unlike most blood 
pressure reducing agents, Rauwolfia preparations do not lead to habit forma- 
ton, A systolic pressure drop of over 30 mm. and а disstolic of over 15 mm. 
has been observed and the pressure effect was gradual and attained its maximum 
after 2-3 weeks. With crude total alkaloids, the hypotensive response is less. 
marked and takes longer time, Isolated individual alkaloids like 8.9.51, 
* hypotensin,! * reserpine’ have also been tried and found effective, Recently 
combined effect of А. serpentina with other potent hypotensive agents like 
hevamethonium have been proved to give even better results. 
Early Chemical Investigations 

‘The world-wide interest in this Indian drug has led to a detailed chemical 
examination of its constituents in India, Europe and America. Already about 
27 alkaloids have been isolated from R. serpentina, 2 from R. canescens, 3 from 
each of R. caffra and R. vomitoria, 2 from R. obscura, 1 from R. semperflorent, 
4 from R. heterophylla and several other unidentified bases from R. natalensis, 





_pentina contain the maximum amount of the alkaloids and the best simple « 
the roots has been found to contain a total alkaloids of 27% with а dg 


content of 0.09% In the case of R. cmescens, another important Indian. 
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crude Rauwolfia extracts. An attempt of this kind had been made 
Previously by Indian workers, but they did not manage to improve 
оп the cruds ^olecresin fractions." Starting with these fractions we 
isolated the sedative principle in a pure, crystalline form. The subs- 
tance obtained by us in a relatively week basic alkaloid with a melting 
point of 262-263" and a rotation (+) D of—117 їо—118° (in absolute 
chloroform), We named the new alkaloid reserpine.” 

“The predominent pharmacological action of reserpine із a pronounced 
Jong lasting sedation of central origin, Even low doses (0.1 mg/kg 
given i.v. to rabbits, and 1 mg/kg, given orally to dogs) produce peaceful 
sleep lasting several hours in animals. A noticeable feature of the 
action of reserpine is that the animals can be roused even after high 
doses have been given." 

(2) Failure of the Calcutta workers to isolate Reserpine : 

It is now posible to look back and speculate on the failure of the Calcutta. 
group of workers to isolate reserpine, the principal active alkaloid of Rauwolfia, 
inspite of the fact that they were earliest to recognise the merits of this wonder 
drug and spent nearly 15 years of investigative work trying to put it in the arma- 
meniarium of the modara doctors. Rawwollis, like most plant products, 
presented a complex mixture of strong and weak base alkaloids and separation 
of active constituent from such a mixture was not an easy task. 

‘The alkaloids аге usually isolated by taking advantage of their basic character, 
The crude total extract, after evaporation of the solvent (alcohol) is extracted 
‘with very dilute acid which dissolves the alkaloids. From the clear acid extract 
the alkaloids are obtained after basillcation, 1а the case of roots of Rawwolfia 
serpentina a similar procedure was adopted. After extraction with very dilute 
acid, substantial amounts of a deep brown resinous mags was obtained which. 
‘was insoluble in dilute acids and hence in those days regarded as 'olcoresins" 
free from alkaloid and were discarded. 

“This *oleoresin® fraction was found to have much stronger scative action 

аш шек шыны. їп fact, the sedative action charac- 

of Rauvolfia serpentina appeared to be concentrated in the so long dis- 

beret oleoresin’ (J. C. Gupta, S. Ghosh, A. T. Datta and B. S. Kahali, 
1947 ; A. T. Datta, J. C. Gupta, S. Ghosh and В. S. Kahali, 1947). 

"These observations of the workers at the Calcuita school were duly utilised 
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‘observed in the “oleoresin® by workers at the Calcutta School of Tropical 
Medicine, was due to reserpine. This weakly basic crucial alkaloid cluded 
the workers at CSTM in view of its insolubility in dilute acids, which was mostly 
used in thos days for sttrision of alkaloids from neutral products in the 
total plant extract. 


Concluding Remarks : 

Both the therapeutic virtues of R. serpentina-its sedative action on the 
central nervous system and its blood pressure lowering property—were recog- 
nised and regarded by carly Indian physicians and it is interesting to note that 
these findings are being supported with modem work both with crude drug 
аз well as its chief active principle, reserpine. a mental aberrations and cons- 
tant nervous tension states, it is becoming clearly established that in this Indian 
drug, psychiatrists have got a remedy which, though slow acting, offers а sedative, 
in many ways superior to the frequeatly used barbiturates, The great wave 
of enthusiasm for the use of the Rauwolfia alkaloids ia psychiatry came during 
the mid-1950s. Their sedative action was characterized as * tranquilization," 
а label that has since bees applied to a variety of other compounds with similar 
sedative effects. 

The drug is not а new discovery of the western countries but is a gift to 
them from India where jt was kaowa from centuries apo. Dr, Wilkins at 
Boston has rightly remarked ^ we owe а great debt to our colleagues in India. 
п the Rauwolfia drugs, they have given us a new approach in treating some 
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STUDIES ON VITAMINS, ENZYMES AND THE “LIVING SYSTEM 
G. C. Gurren 


Department of Віогһетіц?у ant Guha Institute of Biochemistry, 
Calewtta University 


Highlights of some of the results on Vitamin C metabolism in animals 
and Vitamin B, metabolism in süeroorganivme and some related ob- 
servations carried out in this laboratory have been presented. Some 
‘of ihe projects were aadertakea by the author with initial inspiration 
from Late Professor B. С, Guha. 


VITAMIN С METABOLISM IN ANIMALS 
‘After the elucidation of the pathway involved ia the biogenesis of Vitamin 


C in the animal system mostly through the efforts by Guha and his associates 
(1-8), Lehainger and his associates (9, 10), King and his associates (11-13), 


Mapson and his group (14-16) and Shimazono and his associates (17, 18) ex- 
leve investigations have рэсп carried out in this laboratory to study the 
interralatioaship betwsea protein nuiricion (19.23), mineral nutrition (24-28) 
and Vitamin C metabolism in animals and also on the hormonal regulation 
ofsome of the enzymes involved in the membolism of Vitamin C (29-32). 
Tae contributions arising out of such studies are described below in brief 
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9% casein level, and the activities remained stationary thereafter upto 60% 
casein evel. But dehydroascorbatase activity was found to be increased markedly 
4 casein level and a further increase in dietary casein did not increase the 
activity. Uronolactonase activity increased with increase in dietary protein 
content upto 18%, and xylulose biosynthesis was found to be not at all affected 
by dietary protein content (19). 

Studies carried out using guineapigs, the ‘species which can not synthesize 
Vitamin C in their system, showed some interesting variations in the levels of 
the enzymes involved in the metabolism of Vitamin C, as compared to those 
of the rats, when they were maintained on high or low protein diet in normal 
and in scorbatic condition, The activity of liver dehydroascorbatase decreased 
slightly in guineapigs fed higher amounts of casein, This was more marked 
im the ease of scorbutic animals. This can be explained by assuming that the 
animals fed higher amounts of protein try to conserve more vitamin in their 
tissues. Xylulose biosynthesis increased significantly in the case of normal 
and soorbutic guineapigs fed higher amounts of protein (21). 

(N) Effect of metal ions on Vitamin С metabolism 

‘The role of metal ions on Vitamin C metabolism in animals has also been 
studied extensively (24-28, 33), Administration of molybdenum, manganese 
and cobalt decreased the concentration of Vitamin C in liver and kidney of 
rats (24, 25). Сет" or Ме" at а dose level of Sppm resulted in an increase in 
the tissue concentration of this vitamin (26). Feeding of minerals like Мон, 
Cot, Zn**, Curt, Сеч» or W** reduced the urinary excretion of this vitamin 
(24-26, 22). The synthesis of Vitamin C was found to be inhibited by Mo**, 
Zu** and Си'* and increased by Со", Сте" and W'* and unaffected by Mn" 
(Q2, 24.26). Dehydroascorbatase activity was found to be inhibited by Mo** 
aud Cu’ and increased by Мач", Со", Cr and W** while Zn? was not 
found to affect the enzyme activity (22, 24-26). Except for W**, uronolacto- 
tase activity was found to be decreased by the administration of all the metal 








ions studied (24-26). Xylulowe biosynthesis was found to be increased only 
with administration of W** (26). In scorbutic guineapigs the increased activity 
of the enzyme dehydroascorbatase, could be brought down to the control level, 
by the administration of Соч", Mo'* and Ма'* (28). While studying the 
‘effect of Cd** on the tissue reserve amd metabolism of this vitamin it was 
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(Ш) Interrelationship of Vitamin C and other vitamins 
It has been observed in this laboratory (34), that activities of the enzymes 
responsible for the biosynthesis of Vitamin C is decreased markedly in rats 
maintained on Vitamin E deficient diet, When necrogenic diet fed group of 
animals were supplemented with sulphur containing amino acids like L-cystine 
ог Di-methionine, the inhibition of the above enzyme levels was largely over- 
соте. Dehydrosscorbatse and uronolactonase activity were found to be 
stimulated in group of rats maintained on necrogenie diet. Since Vitamin C 
metabolism is affected under Vitamin E deficiency conditions and also that 
Vitamin C is involved in the metabolism of cholesterol, studies on cholesterol 
motibolism were carried out under Vitamin E deficiency condition, The 
rosults indicate increased synthesis and simultaneous decrease in the catabolism 
of cholesterol under the experimental conditions (35). The hypo- and hyper- 
vitaminosis of A and D (36) and hypo-vitaninosis of several B vitamin (37, 38) 
оп the status of Vitamin C metabolism in animals have been studied. 
(Iv). Hormonal regulation of Vitamin С metabolism 
The enzyme levels in animal tissues could be altered by a wide variety of 
physiological, nutritional and hormonal manipulations. Several models have 
also been proposed on the mechanism of regulation of enzyme synthesis in 
Animal tissues in respect of certain enzymes such as tryptophan pyrrolave, 
tyrosine transaminase, glacurony! transferase etc. (39, 40). Tbe effect of several 
drugs and also certain metabolic regulators on the enzymes involved in the 
metabolism of Vitamin C and of uronic acid pathway have also been widely 
studied during the recent years (41-43). The activities of some of the enzymes 
in this pathway have recently been found to be altered under various physio- 
logical conditions including that of adrenalectomy, alloxan diabetes, partial 
hopatectomy and administration of certain pharmacological substances (29, 
30, 43-45). Tt is also known that Vitamin C plays an important role in the 
processes of corticosteroids metabolism in adrenals (39). It has been noted 
(30) that adrenalectomy brings about a drastic decrease in the level of liver 
with a ener increase in the activity of dehydroascor- 













lacocorticoids as an inducer and of insulin as а repressor of key 
e pst we me O It is also known that removal 
in diabetic rats is effective in reversing the highly increased actis 
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vities of the enzymes involved in the process of gluconeogenesis to a normal 
range in a few days and after adrenalectomy blood sugar level is also found 
to be decreased towards the normal level. Studies have beon carried ош on 
the effect of hydrocortisone on the enzymes involved in ‘the metabolism of 
Vitamin C in alloxan diabetic and alloxan diabetic and subsequently adrenalec- 
tomised rats (43). At present it is not clear how the level of this important 
enzyme gulonooxidase is altered under conditions of various physiological 
and nutritional manipulation, but it could be clearly understood that insulin 
and hydrocortisone stimulate gulonooxidase and hence regulate the pathway 
of Vitamin C metabolism in rats in a different manner in respect of their site 
of action, 

The synthesis and catabolism of Vitamin C and also the concentrations of 
several lysosomal enzymes are found to be altered by partial hepatectomy. 
Effects of various metabolic regulators like ACTH, glucagon, Cyclic AMP etc. 
under this condition have also been studied (47). Investigations on the effects 
of castration and subsequent administration of either testosterone or human 
chorionic gonadotrophin in rats provide some interesting information In 
relation to the regulation of gulonooxidase (31). 


BIOCHEMICAL STUDIES ON ANTIMETABOLITE RESISTANCE IN MICROORGANISMS, 
Extensive studies have been carried out on the metabolic alteration aE 
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tion, characterization, purification and the determination of physicochemical 
Properties of phospholipid splitting enzyme of Vibrio El Tor. The enzyme 
hus been characterised as phospholipase B. Studies on the mechanism of 
formation of this enzyme in Vibrio El Tor have also been performed (61, 62). 

Recently the ind of tryptophanase under the influence of various 
Inhibitors of protein synthesis in different phases of growth of Vibrio cholerae 
has been studied (63), Informations on the constitutive -galactosidase in 
Vibrio cholarae have also been presented (64). Further studies on the enzyme 
make up and other properties of normal and nitrofurantoin resistant strain of 
Vibrio cholerae are being actively carried out 

STUDIES ON ТИЕ ACTIVE SITE OF PHOSPHOGLUCOSH ISOMERASE 

Information has been presented on the number and also mature of sul- 
phydry! groups present in the enzyme phosphoglucose isomerase. The probable 
amino acids involved in the active site of the enzyme have been estimated with 
the help of photooxidation experiments, Detailed physicochemical properties of 
the enzyme have also been determined (65-69) 
BIOCHEMICAL STUDIES ОМ HUMAN BLOOD CELLS UNDER NORMAL AND LIUKAINIC 





CONDITIONS: 


Reports have recently been made on the presence of several enzymes in- 
volved in uronic acid pathway and ascorbic acid metabolism in normal leuco- 
bie n e and other blood cells and also in plasma and their alterati 

Jeukaemic condition. Further studies have been made on the distri 

ioe msn of several. lysosomal enzymes in PMN granules and also in 

$ under normal and leukaemic conditions. The results show interesting 
implications (69, 70). 
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PROTEIN SYNTHESIS IN MITOCHONDRIA 
D. К. Dune, SYAMALIMA CHAKRABARTI, Р. К. Синои AND 5. С. Rov 


Department of Biochemistry and Guha Institute of Biochemistry, 
Calcutta University 





Thare are two ways in paying homige to a great soleatist. Ons is to bring 
ош the outstanding quiliies of his head and heart and recount in personal 
reminiscence their influcace in shaping the generation of scientists which 
followed him. The aiher is 1o dedicate 29 his memory a work. which was ini. 
tiated and developed at bis inspiration. We prefer the second way for paying 
‘our homage to the great scientist. 

Tt was always a passion with Guha to work on frontier areas and explore 
virgin бф. Protein biosynthesis is such a field where explosive develop- 
ments have taken place during the last two decades. Here one can really see 
how vasly differsat disciplines and endeavours are brought to bear on the 
elucidation of а challeaging problem and sce "what part has been played by 
brilliant thought, skilful experimsatations, new techniques and the capitaliza- 
tion оп chance observation.” 

Protein syathesis is the most unique process in nature, Here a multitude 
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very rigid cxperimentations, These mainly consisted of extensive washing of 
the mitochondria for the removal of adhering contaminants, characterization 
9f the mitochondria and microsomes by chemical and physical methods, in- 
cluding electron microscopy, treatment of mitochondria with DNase to remove 
the taces of DNA on the mitochondria, demonstration of peptide bond forma- 
tion by Aaorédiaîtcobsazsne reaction, ruling our the possibility of glutathione 
synthesis by transpzptidation reaction with subsequent attachment of the former 
to the protein through disulphide bond and ultimately demonstrating a net 
synthesis of protein. 

The effect of several growth hormones on protein synthesis by plant mito- 
shondria and microsomes has also been investigated. Extensive use of meta’ 
bolio inhibitors has bea ande for some in-depth study of the mechanism of 
protein synthesis by the plant cell organelles. 

The work of protein synthesis has also boen extended to other animal tissues 
and aberrant systems in malignant and transplanted fibrosarcoma узаса of rat 

‘Those results have mostly been smbodied oa our publications (1-14). We 
next dirsoted our efforts to the newer phase of the development of the problem. 

Mitoshondeion is a very intriguing biochemical problem of the day, having 
three major areas under intensive investigation : (1) membrane composition, 
assembly and Function, (2) genetic studies and (3) syathesis of macromolecular 
compoazats viz. proteias, auelsie acids, lipids, ete. Investigation in our labo- 
ratory falls under the third category. 

Amins acid insorporuion by mitochondria and mitaribosomes - 

It ix now well established that isolated mitochondria from divergent sources 
are capable Gf symhesizing protein (1-14). The over all mechanism for the 
in vitro synthesis of protein by ths mitochondria from different sources appears 
хо be more or less tho sime and has certain similarities with the bacterial ribo- 














Earlier we observed that the 105,000«g. pellets of sonicated mitochondria, 
as isolated feom the germinating sesds of Vigna sinensis (Linn). Savi, were 
inactive with respect to amino acid incorporation bat with the improved metho- 
agent, like dithiothreitol (ОТТ), whose 
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An interesting finding by us iv-that the amino acid incorporating activity 
in both mitochondria and microsomes from malignant tissues is much higher 
than that found іа the corresponding preparations from normal tissues. It is 
likely that under the stress of malignancy when construction of more structure 
muterials, such as proteins, is needed for growth, the normal translation res- 
Wesint is overcome to moet the higher demand for proteins. The nature of 
these proteins, synthesized by mitochondria or microsomes from malignant 
sust is at presea! uador our intensive investigation, since these proteins might 
have widespread effects in the total functioning of cells, leading to malignancy. 
Hore we have at least two genetic system controlling a natural process of protein 
synthesis. There are other reasons for studying this aspect of the problem more 
intensively. We have demonstrated that mitochondria possess DNA of their own 
and are circular in nature. The isolated DNA was purified, rendered free of 
protein. The ultraviolet absorption spectra, the sedimentation velocity of this 
DNA and the action of deoxyribonuclease upon it, indicated that the compound 
was DNA and probably consists of one major component (3). This circular DNA 
Îs found in certain bacteria and viruses. The composition of the DNA of certain 
oncogenic viruses (adenovirus 12 and 18, papilloma and polyoma) show interes- 
ting similarities with those of mitochondria, $o all these appear to be а very 
closely related process, a detailed study of which might be quite rewardi 
‘Study with synthetic messenger and "coding problem : 

Recent evidence has provided expotimental support for the concept of a 
mRNA concerned with the transmission of information from DNA to protein. 
Our demonstration that synthetically prepared polyribonucleotides such as 
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reported that externally added synthetic mRNA viz. poly U can permeate into 
intact mitochondria and stimulate there, specifically the incorporation of "С- 
labeled pheaylalanine into proteins (15, 16), This observation may further 
support the hypothesis drawn from the complementation experiments, or in 
other words, if poly U ean get entered into intact mitochondria, the permeation 
of nuclear mRNA into mitochondria within the cell is not imposible. In 
‘contrast, it has also been reported that protein synthesis by isolated mitochondria 
requires continuous synthesis of mitochondrial mRNA. 

Effect of different inhibitors + 

Tt is a very remarkable phenomenon that protein synthesis is susceptible to а 
surprisingly large number of natural inhibitors of diverse origin, structure and 
function. This indicates that protein biosynthesis is really the “Achilles heel” in 
cell metabolism, That is why a considerable insight into cellular process has 
been achioved from the study of the effect of different inhibitors on protein 
synthesis (13, 14). 

Cycloheximide, a glutarimide antibiotic which inhibit microsomal protein 
synthesis has got no effect on mitochondrial protein synthesis in different зуу 
tems, Chloramphenicol, a potent inhibitor of bacterial protein synthesis 
inhibits strongly the protein synthesis by isolated mitochondria, Emetine 
inhibits both mitochondrial and microsomal protein synthesis both in human 
mormil and malignant tissues. The extent of inhibition is almost the same 
in both the cases of mitochondria and microsomes. 

Fusidic acid, a potent inhibitor of bacterial translocation factor, has already 
boon reported to inhibit mitochondrial protein synthesis in. Vigna sinensis (11). 
Та contrast, Kiinzel reported that fusidic acid has got no effect on mitochondrial 
protein synthasis im Nurospora crussa. Although the overall mechanism of 
protein synthesis by-the mitochondrial systems isolated from divergent sources 
is more or tess the same, there may exist certain finer differences duc to which 
‘they respond to a chemical substance in different ways. This may be further 

by the жЕ of d ‘on mitochondrial RNA synthesis 
m. 
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1t has been shown that phenylalanine incorporation into proteins of mito- 
chondria prepared from 48-hr germinating seeds of Vigna sinensis (Linp.) Savi 
can be stimulated by gibberellic acid (GA,), kinetin and also polyuridylic acid 
(poly U) as a mesenger. The incorporation is sensitive to а variety of in- 
Mibitors but some of their effect can be partly reversed by GA, and kinetin 
which indicates that these two plant hormones act at the level of messenger 
RNA which specifies the protein to be made or the protein synthesizing machi- 
nery involving the ribosomes and tRNA. Similar effect of the plant hormones 
has been observed in the incorporation of “C-labelled lysine directed by poly 
adenylic acid (poly A) (19). Further it has been shown that stimulation of protein 
synthesis in the plant mitochondria by 24-dichlorophenoxyacetic acid (2, 44D) 
‘and kinetin results from the RNA synthesis sitmulated by these plant hormones 
(unpublished). АШ thete results demonstrate very clearly a direct participation 
of plant hormones on protein synthesis and probably their sites of action. 

Nature has а very uncanny way of covering up her tracks. This happens 
unquestionably with mitochondria. What little we have been able to uncover 
in respect to the mystery of mitochondrial protein synthesis during the last 
decade, we dedicate to the loving memory of our great teacher, Those who played 
а leading role in developing this work, particularly Н, К. Das, $. K, Chatterjee, 
А. K. Banerjee, Sipra Banerjee, J. R. Bhattacharyya, М. С. Banerjee. 
В, Goswami, D. К. De, Aditi Sarkar and S. Ray and many others also associate 
themselves in this dedication. z 


b 
I 
i 
5. 
Б 
E 

i 





NEUROBIOCHEMISTRY AND DRUG ACTION IN BRAIN 
2.7. Ghosh 


Department of Biochemistry and Guha Institute of Blochemistry, 
Calewtta University 


One of the major goals of biochemical neuropharmacology is to elucidate 
the mechanism by which the different neuropharmacologic agents alter 
the functional states of brain by interacting with the different structural 
and biochemical functional units of nerve tissue. With this broad 
perspective in view the neurobiochemical research programme in the 
Department of Biochemistry, Calcutta University, has been oriented, 
in the past two decades, in the following areas of neurochemistry and 
biochemical neuropharmacology. 


V. Effect of Anaesthetic agents and comrulsants on the following Activities in 


y Ever since it had been demonstrated nearly forty years ago by Queste! and 
his school that barbiturate and other anacsthetic drugs affect metabolism of 
isolated braintissue and that theres a relationship between the hypnotic acuvits 
‘of anaesthetics and thelr abilities to suppression oxidative metabolism in brain 

mîro. One major criticism of the results obtained under iv viro studies i 


the metabolism of brain tissue are relatively large compared 
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glutamine transaminase enzyme, which has been characterized and found to 
be present in mammalian brain (S. R, Guha and J. J. Ghosh, Ann. Biochem. 
Exp. Med., 19, 33, 1959) may play an additionally important role in the regu- 
lation of ammonia metabolism in brain, 
2. Brain Ribonucleoprotein in Normal and Neurotropic Drug Treated Condi- 
tions 2 
For a number of years, the work of this laboratory has been focussed on 
the action of different convulsant and hellucinogenie drugs at the level of ribo- 
nucleoprotein constituents of brain tissue, studied biochemically and histo- 
chemically. Most of the cytoplasmic ribonucleoprotcins of nerve tissue is 
located in the Nissl bodies, although nuclei and nucleolar regions of nerve cells 
contain a significant amount of nucleoprotein, The characteristic histological 
picture of the distribution pattern of ribonveleoprotein. particles showed marked 
changes in the form of chromatolysis in brain tissue selection from picrotoxin, 
strychnine, tetanus toxin and mescaline treated rats (К. Sikdar and J. J. Ghosh, 
J. Neurochem,, 11, 545, 1964, К. Sikdar and J. J. Ghosh, J. Neurochem., 13, 
205, 1966), In order to characterize the mode of action of different psycho- 
tropic drugs at the level of brain cortex ribonucleoproteins, detailed studies 
have been done оп the isolation, characterization (in terms of chemical com- 
position, UV absorption characteristics, sedimentation, Molecular weight data 
ete) stability properties and secondary structures (in terms of hydrogen bonded 
structures of ribosomal RNA component) of rat brain cortex ribosomes, The 
rat brain cortex ribosomes show a major component with sedimentation co- 
efficient of 82.5 at 20°C and infinite dilutions in sucrose-KChMg cacodylate 
buffer, intrinsic visconty, 0.06 dl/g and molecular weight about 49XI0* « 15%. 
The RNA component of the ribosomes of normal adult rat brain cortex has also 
been characterized and have been shown to consist of two nearly homogeneous 
components viz. 28.45 and 18.25 (at infinite dilutions and 20°С). The nucleo 
tide composition of the ribosomal RNA from brain cortex tissue revealed that 
guanylic and cytidylic acids were highly predominating. Stability studies of 
‘sli rn titel Rotors пена tat te рж» of CA oe Mi 
phosphate ions or polyamines determine to a great extent the integrity 

cortex ribosomal structure, (R. K, Datta and J. J. Ghosh, J. Neurochem.. 10, 
Ds Sonani жк: pus. and J, J, Ghosh, аваа нр ee RK 

‘Ghosh, Ghosh, Proc, 
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somes, isolated from the brain cortex tissues of drug treated rats, are affected 
0. J. Ghosh, R. К. Dana and К. C. Bhattacharyya, Canad. J. Biochem., 43, 
959, 1965; R. K. Datta and J. J. Ghosh, J. Pharmacol, Exp. Therap., 150, 
449, 1955 ; J. J. Ghosh, J. Ind. Chem. Soc., 44, 872, 1907). While making a 
detailed study oa the mode of action of mescaline at the level of brain cortex. 
ribosomas, it has been showa that mescaline action causes significant decrease 
in the hydrogen bounded structure of the 28 5 RNA component of the total 
ribosomal RNA species (R. К. Datta and J. J. Ghosh, Biochem., J. 117, 961, 
1970; А. К. Datta and J. J. Ghosh, Biochem. J., 125, -13, 1971). It has further 
basoa observed that ribosomes, isolated from mescaline treated brain. tissue, have 
decreased amino acyki-RNA binding capacity with concomitant decrease in 
the overall protein synthesizing ability (R. К. Datta and J, J, Ghosh, Brain 
Res., 33, 193, 1971 ; R. К. Datta, №, Antopol and J. J, Ghosh, Naunyn- Schmie- 
deberg's Arch. Pharmacol. (Springer Verlag), 277, 319, 1973). 

3, Psychotorpic Drug Actlon at the level of Microsomal and Synaptosomal 

Membrane Bound Enzymes of Brain : 

Although much evidence has accumulated about the role of membrane 
lipids in drug action, remarkably tittle precise information is available about 
the interaction of neuropharmacologic drugs with neuronal membrane com- 
ponents, particularly at the levels of microsomes and synaptosomes, which 
control the storage, transport and release of cations, amino acids and biogenic 
amines. Drug like strychnine (В. К. Pal and J. J. Ghosh, J. Neurochem., 15, 
1243, 1968), morphine (S. К. Ghosh and J. J, Ghosh, J. Neurochem., 15, 1975, 
1968), imipramine (D. Nag and J. J. Ghosh, 4. Neurochem., 20, 1021, 1973) 
and delta-9-tetrahydrocannabinol, the major active component of cannabis, 
(М. К. Poddar and J. J. Ghosh, United Nations Document, ST/SOA/SER 
5/36, 1972) have been shown to affect characteristically the activities of Na-K- 

s, actly! choline esterase and glutamine synthetase in synaptosomal and 
райы is te lot pharmaco 
5 studies in the biochemical neuropharmacology, 
NC that neuropharmacolegic drugs may affect the brain function by 
acting at the level of important biochemical parameters of brain, the detailed 
studies of which are included in the ongoing research programme in neuro- 
biochemistry. 






STRUCTURES OF GLYCOLIPID (ANTIGEN) ON SHEEP AND GOAT 
ERYTHROCYTES 


B. М. бижи" AND SOMSANKAR DASGUPTA 


Department of Biochemistry and Guha Institute of Biochemistry. 
Coleutta University 


The glycolipid posest on the surface of sheep eyrihnocytes is commonly 
Ynowa as Forsman hapten Forssmann in 1911' detected the presence of this 
Forssman hapten like substance in the kidney of guinea pig. Since then the 
various workers" tried to isolate the Forssman hapten in pure state either from 
sheep erythrocytes or from the kidney of horse and other animals. Yamakawa 
‘et al" and aslo Makita et a" were able to isolate a compound and arrived at 
ity structure to be v Nacetyl-D-galactosamine-O--D-galactose-O-/-D-gala- 
to%-0-8-D.glucose-ceramide. Recently Dasgupta and Ghosh' have isolated 
and purifiad the Forsenan hapten from sheep erythrocytes, The constituents 
of the hapten was identified to be galactosamine, galactose, glucose and cern- 
mide. The structure of the hapten has been studied by stepwise enzymatic 
degradation with specific. enzymes and the estimation of the product liberated 
at cach step. Immunological reactions of the hapten were studied by the in- 
hibition of agglutination and hemolysis in presence of guinea pig complement. 

Anti-A sarum is found to agglutinate sheep erythrocytes in а manner ana- + 
logous to that observed with human A cells. Further, the Forssman hapten 
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As the second terminal group of A substances is #-D-palactose, it is natural 

to search for the second group of the hapten to be $-D-galuctose, The residue 
left after the hydrolysis of Achatina enzyme was subjected to enzymatic hydro- 
lysis with J-D-galactosidase of rat intestine according to the method of Brady 
etal". The liberated sugar was identified to be /-D-galactose. Thus the first 
two terminal groups of the hapten are same as those present in A group subs- 
tances namely, s-N-acetyl-D-galactosamine-O--D-galactose. The glycolipid 
isolated by Koscielek er al from human A cells was identified 10 have the 
structure as »-N-acetyl-D-galactosamine-O-2-D-galactose-O-#-N-acetyl-D-gluco- 
samino-O-2-D-galactose-0-8-D-glucose-ceramide, 

The residue left after the removal of the first two groups from the hapten 
Was soon identified to be 2-D-gilactose-O--D-glucose-ccramide or cytolipin 
Н. This was confirmed both from the Ry on the thin layer chromatography 
and also by the two stage enzymatic hydrolysis with rat brain enzymes accord- 
ing to Rapport er aP. Thus the structure of the Forsman hapten of sheep 
erythrocytes established as a-N-acetyl-D-galactosamine-O-/-D-galactose-O-f- 
D-galactose-O-2-D-glucose-ceramide and this is in agreement with the struc- 
ure of the Forssman hapten аз put forward by Makita er alt who isolated it 
from equine kidncy and spleen. 

Since sheep and goat belong to the same species of animals, it is likely that 
the Forsman hapten should be present in goat erythrocytes. Further, the 
eytolipin К. isolated from goat kidneys according to the method of Rapport 
st al! showed almost identical in structure to that of Forsman hapten, The 
immunological behaviours of goat cells wore however different and did not 
agglutinate in presence of anti-A serum as observed with sheep cells. Further, 
goat cells cannot be sensitized with hemolysin (anti-sheep cells) and hindered 
hemolysis in presence of complement. The same was truc with sheep cells 
when sensitized with anti-goat cells serum. It became evident that the glyco- 
lipid or antigen on the surface of goat red cells is different from that present 
in sheep red cells. ۰ 

The goat cells were found to be agglutinated by anti-B serum but the re- 


of goat glycolipid was identified to be 
Md Uy амга of agglutination тыш 
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The goat glycolipid on acid hydrolysis yielded glucosamine, galactose, 
glucose and ceramide. lt gave a different Ry value from that of the Forssman 
hapten on thin layer chromatography. 

The terminal group of goat glycolipid was suspected to be -D-galactose аз 
it inhibited agglutination between B cells and anti-B serum. To confirm that 
D-galactose is the terminal group of goat glycolipid it was treated with the 
enzyme j-D-galacosidase of rat intestine’ and the released galactose was esti- 
muted. The second terminal group was identified, to be S-N-acetyl-D-glyco-. 
samine when the material left after f-D-galetosidase treatment was found to be 
acted on preferentially by the enzyme, j-N-acetyl-D-glucosaminidase of gout 
Vestes". The residue left after (wo successive treatments of the above men- 
tioned enzymes showed to be 2D-galactose-O-/-D-glucose-ceramide as its 
Ry valus was identical to cytolipin Н on thin layer chromatography. The 
complete structure of goat glycolipid comes to f-D-galactose-(1—4)-O-£-N- 
acetyl-D-glucosamine(1—4}-O-#-D-gaictose-(I—4)-O-f-D-glucose-ceramide and 
is different from that of sheep glycolipid or Forssman hapten. 
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PRODUCTION OF PROTEIN BY SUBMERGED GROWTH OF EDIBLE 
MUSHROOMS 


A. В. BANERJEE 


Department of Biochemistry and Guha Institute of Biochemistry, 
Calcutta University 


Introduction 


India and elsewhere researches are in progress to make ше of many " Un- 
conventional” sources like soyabean and other legumes, oil seed cakes, dried 
fish msal product, leaves and grasses and microorganisms, as much wanted 
food supplement. Out of these, microorganisms appear to have distinct but 
not yet fully realized potentialities as future source of energy and protein for 
under-fed people and as regenerative source of food in manned space vehicles 
and station. The suitability of microorganisms as food material based on 
throe advantageous factors (0 possibility of utilisation waste materials for cell 
growth by microorganisms resulting the reduction in environmental pollution 
(i) rapid rate of proliferation of microbial cells and (4) favourable economics 
of the fermentation technology which has undergone tremendous development 
during last twenty years in terms of time labour and space. 

Microorganisms which may be introduced in human diet include algae 
(fresh water and marine), yeasts, bacteria and molds, Some of these are al- 
ready being consumed by different sections of world population. 


Mushrooms as food. 


Edible fungi of higher order have for long been greatly esteemed as food. 
The fleshy fungi, particularly mushrooms have received wide popularity due 
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Production of mushroom mycella by submerged culture 
The idea of development of submerged culture methods for the production 
of mushroom mycelia was stimulated by the success of deep tank fermentation 
technique in the antibiotic industry. It was Humfeld (1) who first showed that 
mycelial growth of certain strain of mashrooms could be achieved by this. method 
of cultivation, The method offered low cost production of mycelium having 
high nutritive value and acceptable flavour using easily available substrates. 
It was soon realised that by similar process mycelia of many other edible species 
of higher fungi could be produced economically (2-8). However, it was. found 
that not all fungi of this class could be cultivated in vitro (5), some of these which 
may be grown on solid media (я vitro failed to grow under submerged condition. 
А comprehensive list of species which could be grown in submerge culture is 
compiled by Worgan (3). This list includes about 90 edible fungi out of which 
A, campestris, Tricholoma nudum, M. esculenta, M. crassipes and М. hortensis, 
are among the few which have been studied in detail. 
Production of protein by 4. Campestrir S,, in submerged fermentor 
Selection ot the strain 
Fruit bodies of A. campestris were collected from different localities around 
Calcutta. and their adaptability in submerged cultivation were tested in potato- 
dextrose broth. The ability to grow in liquid-shake culture was found to be 
restricted in a relatively small number of strains, out of 18 strains tested, only 
6 could adapt to submerged propagation. The protein content of mycelia 
obtained in submerged codition is also different ín different strains, The 
strain selected for detail studies (A. campestris $) yielded mycelia. contains 
about 42% protein on dry weight basis. Mycelia were non-toxic to mice. 
election of media : Carbon, nitrogen and mineral nutrition of A. campestris S, 
The production and protein content A. campestris 5,, mycelia under sub- 
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to be ths best in consideration of extent of utilisation, efficiency of recovery 
of carbon in cell material and protein content of mycelia produced, Economic 
Cocflicient, which is an index of utilisation of carbon compounds for building 
up of cellular material is high for xylose and mannitol. These values for glucose 
and fructose are comparable and are little lower than those for xylose and 
mannitol, Disaccharides are utilised at slow rate. Galactose, rhamnose, 
ralfinose, sodium acetate and sodium citrate are not utilised (10). 

The requirements of A. campestris S,, for trace elements for growth were 
tested in chemically defined medium (11). The optimum concentrations of 
Fe’, Za**, Mn**, Cur and Ni** are 0,125, 0.5, 0.5, 0.05 and 0,025 mp per litre. 
respectively, All these metal ions are growth inhibitory to different degrees 
‘at higher concentrations. Co** is growth inhibitory even at very low concen- 
tration, The protein content of mycelium is also influenced by trace elements. 
The conceatrations of metal ions which give maximum proteîn per gram of 
dried mycelium are not same as those necessary for maximum growth. Further 
moro, Cu** and Ni** are needed for growth but inhibitory for protein accu- 
mulation in mycelia. So trace element concentration of cultivation medium 
‘should be critically balanced in order to obtain maximum protein harvest (11). 


Physical and chemical changes during fermentation 

The growth of A. campestris S,, in mannitol- peptone- yeast extract broth 
із а slow process. There is a time lag of 1 day for the onset of the growth and 
the maximum supportable growth attains after 7 days. The entire 9 day growth 
period of the organism could be divided into 4 arbitrarily defined phases bused 
‘on the rates of utilisation of sugar, nitrogen compounds, inorganic phosphorus 
and rate of change of pH of the medium, Protein content of mycelial material 
harvested at different growth phases are variable, The maximum protein could 
be harvested after 144 hours and before 168 hours of the fermentation (12). 








Effect of plant growth hormones on protein production 
Indolenctic acid and kinetin stimulate the growth of A. campestris S, at 
“optimum concentration of 04 mg/litre and 0.75 mgflitre respectively. Both 
‘of these plant hormones are growth inhibitory at concentration above the opti- 
um ‘The protein content of the mycelia is increased only to a small 
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of incorporation of these two plant growth hormones in the culture emdia for 
the protein production by А. campestris S,, would be very small (Guha, A. К. 
and A. B. Banerjee, communicated for publication). 

Nutritive value of mycelia and mycelial protein obtained from submerged fer- 

‘mentation 

The mycelium of A. campestris S,, harvested from submerge culture is a rich 
source of riboflavin, niacin, iron and magnesium bat its thiamine and calcium 
content is low. Vitamin content of mycelium is dependent on culture age and 
reaches maximum on 7th day of fermentation, The fibre content of dried 
тусна varied between 4.9.1039. the mycelia from older culture have higher 
fibre content (13). Protein isolated from the mycelia contains almost all amino 
acid essential for human nutrition, It fs particularly rich in levcines and lysine, 
but poor in sulphur amino acids and valine. Chemicals core, biological score 
and essentia! amino acid index for the purified protein are 25, 33.8 and 584 
respectively (13), 

Conclusion. 

Tr is well recognized that diets consumed by the low income groups in deve- 
loping conntries like India do not provide adequate amounts of protein of 
high nutritive value, and that consequently protein malnutrition is widely pre- 
valent, The problem of utilisation of available additional sources of proteins 
for protein deficiency in the diets of Indiam people has engaged 
the attention of food scientists of this country during the last quarter century. 
The present study was undertaken to develop a suitable strain of A. campestris 
for submerged culture. The fermentation conditions of the strain so deve- 
Joped for maximum protein production were standardised, 

The selection of the organism, A. campestris is based mainly on two reasons, 
(O A good amount of technical data із available on the submerged cultivation 
of this organism. The most the work in this respect was carried out by Humfeld 
and Shugihara (14), the pioneers of this field. Unfortunately in India no 
attempt is made so far to make use of this potentially useful source of protein, 
(1) At least a section of Indian population is familiar with the taste and nutritive 
value of this fungus. 

. The most important factor determining the biologics! value of a protein 


of amino acid, | of the essential 
is the relative concentration. particularly ve ais 
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Organisms. It has almost similar quantitative distribution of esential amino 
acids as that of S. cerevisiae. 

1 is apparent from the in vitro assessment figures that А, campestris S,, 
protein has low biological value in comparison to proteins of animal origin, 
This low biological value is due to low sulphur amino acids and valine contents. 
So this protein would not be suitable in animal nutrition if used alone. How- 
ever this protein may be used for supplementation and fortification of cerael 
dicts, The cereal proteins used by Indian population are generally deficient 
in lysine, tryptophan, threonine and methionine, Some of these deficiencies 
could be balanced by by fortification of dicts with A. campestris S,, protein. 
There is plentiful evidence in the literature to show that two or more proteins 
of inferior growth promoting values сап be so blended that their amino acid 
deficiencies are mutually made up with the rosult that the mixture contains 
proteins of superior nutritive value. 
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NATURAL ANTITHIAMINES 
B. К. De, J. BHATTACHARYA AND. D. К. CHAUDHUKI 


Department of Biochemistry and Guha Institute of Biochemistry, 
Calcutta University 


Aceonting to Mellanby (1) the classical concept of vitamin. deficiencies was 
modified by new Findings that besides the absence of vitamins, the symptoms 
of vitamin deficiency were also shown by presence of certain natural toxic 
agents (2). Kodicek (3) emphasized the term * toxamin* to cover the structural 
analogues as well a» other vitamin-inactivating agents, Later on, the struc- 
tural analogues were designated as vitamin antagonists (4) whereas the naturally- 
occurring vitamin-inactivating agents were termed as anti-vitamins (5). 

Of the water-soluble B-vitamins, thaimine is present in several foodstuffs 
which also contain some thiamine-inactivating agents (6), These are generally 
termed as antithiamines have been classified into two types which are men- 
tioned below : 

Type 1: Antithiamine of large molecule 

‘Type Ш: Antithiamine of small molecule 
Antithlamine of large molecule : 

Spitzer et al. (7) in 1941 observed a condition in chick similar to thiamine 
deficiency by feeding raw fish and that incubation of thiamine with raw carp. 
fish intestine for fifteen minutes resulted in ‘a loss of 50-1005, of the biological 
activity of thiamine, Evan (6) demonstrated the so-called * Chastek Paralysis * 
of foxes by feeding 10% or more of fresh whole fish in the diet could be pre- 
vented by administration of 10 mg of thiamine per day. Тһе enzymatic nature 
of the factor was confirmed by Sealock and Goodland (8, 9) who also studied 
‘the destructive nature of this enzyme on thiamine and designed it as * thiaminase." 
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lytieus М in the free state. Tt is а single protein with an absorption maximum 
at 277, and minimum at 252). Various physicochemical properties of 
thiaminase T as ultracenteifugation, polyacrylamide gel electrophoresis. and 
immunediffasion in agar-gel demonstrated а molecular weight of 44,000, Ebata 
and Murata (12) reported a molecular weight of 40,000 calculated from the 
sedimentation velocity coefficient and diffusion coefficient of thiaminase Y 
isolated from other bacteris, According to Wittliff and Sirth (13) thiaminase 
T catalysed the decomposition of thiamine by a base exchange reaction involve 
ing displacement on the methylene bridge of the pyrimidine moiety, This- 
minase 1 activity is generally determined by а modified method of Wirit and 
Sirth (11) where aniline is used as base, The produet as aniline derivative 

measured spectrophotometrically by an increase of optical density 
at Mus 

Thiaminase 1 is active against thiamine, thiamine pyrophosphate and other 
thiamine derivatives with 4-amino group of pyrimidine moiety. The enzyme 
isolated from different sources із activated by a number of aromatic amines, 
heterocyclic amines and sulfahydryl compounds. Several divalent cations 
such as Fe**, Cu**, Мач» have some inhibitory role on thinminase. Both 
p-chloromercurobenzoate and monolodoacetic acid have some potent inhibitory 
role on the bacterial thiaminase 1. The optimum pH of thiaminase 1 (14) 
varies from source to source. The bacterial thiaminase 1 has a broad pH opti- 
mum of $8 to 6.8. Similarly, that of certain shell fish (Meretrix meretrix) 
has а pH optimum of 5.0. The enzyme isolated from bracken fern has a pH 
Optimum of 7.8, It is more ог less heat stable enzyme and it is reversively in- 
activated at temperatures above 45°C but not exceeding 65°C. The bacterial 
thiaminase I retains most of its activity at 60°С even after 20 minutes in a phos- 
phate buffer of pH 5.8. 
(b) Thinminase IT : 

Tt is present mainly in the bacterial system such as Bacillus. aneurinolyticus, 

Е, сой, Candida aneurinolytica etc. (15). Thia- 
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Besides thiamine, thiaminase I (15) has affinity to hydrolysis thiamine 
derivatives with the side chain intact at S-position of the thiozole moiety. It 
has no effect on thiamine pyrophosphate. Cysteine, EDTA etc. (17) act as 
an activator of the enzyme. Various aromatic amines, heterocyclic amines, 
heavy metal ions such as Fe**, Cu** and Zn** markedly function as inhibitors 
Of the enzyme. Thiaminase IT has a broad pH optimum dependent on the 
sources. Thiarinase IT from О. lactis, С. emeurinelyrica has an optimum pH 
of 7.0 whereas that isolated from B. aneurinolyticus is 8.6. 1 is more or less 
э heat stable enzyme and it has optimum activation temperature of 60°C. 
Antithiamine of small. molecule 

Thiamine deficiencies symptoms developed in swine (20), pigeons and rats 
(21) by feeding exclusively the rice milling products and later on similar pheno- 
mena were described by McCollum, Simmond and Pitz (22) as well as Hart ef 
al, (23) in swine using wheat germ and other wheat products. Bhagat ef al. 
(24) also confirmed the presence of thiamine-inactiving factors in cereals under 
in vitro conditions as determined by thiochrome method. These workers (loc. 
eli) also reported the presence of heat-stable thiamine-inactivating agents Їп ragi 
(Elusine coracana), bajra (Pennioetcem typhoidecem), green gram (Phaseolus 
mem) mustard seed (Brassica juncea), cotton seed (Bombex molabericum) 


ому Somogyi et al. (25-28) have successfully isolated and characterised 
а heat stable antithiamine factor commonly known as caffeic acid or 34 di- 
hydroxy cinnamic acid. The existence of this acid in different foodstuffs as 
blue berries (Vaccinium myrotillus L), fern (Pferidicem aquilincem) have also 
‘been demonstrated by them (27). They (29) also claimed that the reaction 
mechanism between thiamine and the isolated antithinmine je, caffeic acid wos 
found to consist of two phases as distinguished by their marked differences in 


> 
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ortho to para position decreased the amtithiamine activity whereas with the 
change of hydroxyl group from ortho to meta position, the antithiamine activity 
was negligible. 

Recently two new antithiamines have been isolated in the pure state from 
two different sources in this laboratory. Chaudhuri (31) working on the iso- 
lation of the antithiamine factor present in rice bran was able to purify it appre- 
ciably. Following this work, De and Chaudhuri (32) have succeeded in iso- 
lating this factor ia the pure state and characterised it to be a glucoside, Its 
glucose content has been measured after hydrolysis and found to be about 14% 
on weight basis. On hydrolysis with dilute mineral acid, an oily layer separates 
Out which contains two fractions as demonstrated by thin layer chromato- 
graphy. These two fractions have subsequently been separated out and the 
first elute has boon designated as " Fraction A” and the second elute as “ Frac- 
tion B," The first elute " Fraction A "усо viscous oily substance which 
has been found to be homogenous by thin layer chromatography, retains all 
the antithiamine activity and the second fraction B.—pinkcoloured come 
pound has been shown to have no antithiamine activity at all, 

Various physicochemical properties such as ultraviolet spectrum analysis 
of “Fraction A" show absorption maximum at 210 p and minimum at 
280 „ which are characteristic of simple aromatic chromophore, Tho spec- 
trum in the alkaline medium showing a slight shift of the maximum to 215, 
and minimum to 285 p indicates the presence of ionisiable group (s) in the 
molecule, Infra-red spectrum of “Fraction A™ demonstrates the presence 
of strong-bonded hydroxyl group in the molecule. This, in conjunction with 
the strong band at 1695 cm~ indicates the presence of unsaturated carboxyl 
acid function in the molecule. Both UV and IR spectra along indicate that 
" Fraction А "—is а ortho dihydrony aromatic compound with Mass spectra 
data haviag a aliphatic side chain. 

‘Microbiological studies (33) using S. aureus and enzymelogical studies 
using erythrocyte transketolase system demonstrate that the isolated anti- 











having molecular ion at m/e 238. The infra red and ultraviolet spectral analysis 
indicates the presence of aromatic chromophore with conjugated carbonyl 
(1690 and 1640 cm-*) and phenolic hydroxyl groups. 

The structure of the compound could be deducted from the NMR. spectrum 
(60 МИ», CDCI,) which showed sinals for a disubstituted conjugated trans 
double bond (AB quartet, ', 7.63, b 6.30, Ја 16 Hz) two equivalent aro- 
malic protons (2 proton signglets at 6.80) and three OMe groups (6 proton 
singlets at 36.90 and 3 proton singlets at 4581). АШ these indicate that the 
‘compound is the methylester of sinapic acid (3,5-dimethoxyl-4-hydroxyl cinnamic 
acid), 

1а conclusion it may be emphasized that the heat-stable antithiamines such 
as caffeic acid from fern ete., glucoside and “ Fraction А” from rice bran as 
well as methylester of sinapic acid from mustard seed initiate а new chapter 
to study the interaction between the antithiamine and thiamine or thiamine 
pyrophosphate under én vitro as well аз im vivo conditions. The existence of 
heat-stable antithiamines in different foodstuffs along with thiamine initiates 
resting line of research in the field of nutritional biochemistry. 
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EVOLUTION, BIOSYNTHETIC ABILITY AND NEED FOR VITAMIN С 
L B. Quarrener 
Department of Biochemistry, University College of Science, Caleutta-700019 


Jt was а memorable event in my Ше when 1 met Professor B. С. Guha on 
а day in November, 1953. At the very first sight my intuition told me that he 
was The Master” whom I had been searching so long. Not only he gave 
me an opportunity to carry on researches with him, but for long eight years 
of association he also preached me how to be a scientist, “If you want to be 
scientist,” he used to say, " you must dream in Science," " Research is truth 
seeking and honesty and integrity should be the basic qualification of a scientist, 
he preached, " you must be imaginative but you should have clear objective,’ 
“You must be pregnant with ideas, but at the same time you should execute 
tho experiments ia finest details." Не used to caution, "you must be ready 
1o surrender your hypothesis at any time if the facts are adverse to iL" When 
we showed (1) that Albert Lehninger (2) was wrong in saying 3-keto-L-gulonio 
acid as an intermediate in the biosynthetic pathway of ascorbic acid in the rat 





EVOLUTION AND THE Вюқүмтніхи Or Viram С. 
Evolution is an extremely complicated multiphased process at all 
oes i the protoplasmic hier and produces intar al onnaa y n 
The interaction 





BIOSYNTHETIC ABILITY AND NEED FOR VITAMIN из 


the product, а loss of function does not become detrimental and the species 
continue to survive, One such example is the loss of capacity to synthesize. 
ascorbic acid (vitamin C) im course of evolution. The biosynthetic capacity 
started in the kidney of amphibians, resided in the kidney of reptiles, trans 
ferred to the liver of mammals and finally disappeared from the guinea pig, 
the flying mammals, monkeys, apes and тап (6-11). А similar transition in 
the biosynthetic ability was observed in the branched evolution of birds. The 
primitive birds synthesize ascorbic acid in the kidney, The more evolved 
Passeriformes produce it in the liver while a number of other highly evolved 
passers are incapable of synthesizing the vitamin (12), Recently it has 
been shown that insects, invertebrates and fishes are also incapable of 
synthesizing ascorbic acid (13,14). Figure 1 shows how the overall pattern of 
ascorbic acid synthesis by different species of animals is correlated to their 
phylogeny. 

Evolution of the biosynthetic capacity: The incapability of insects, in- 
vertebrates and fishes to synthesize ascorbic acid would apparently raise the 
question whether ascorbic acid is an essential requirement for these species. 
Of course, it has been reported that salmon, trout (15) and the desert locusts 
(16) are dependent on dietary ascorbic acid, But their need may be small so 
that it is satisfied in their food, Apparently, the biosynthetic mechanism did 
not evolve in these earlier species of the phylogenetic tree. 

Whereas the fishes are unable to synthesize the vitamin, kidney homogenate 
from the water living tadpole synthesized a significant amount of ascorbic acid 
in vitro (220-250 yg/mg kidney/hour). The emergence of the biosynthetic 
Ability in the amphibians would suggest that a greater need of the vitamin was 
somehow linked with the evolution of vertebrates from aquatic to the terrestrial 
environment, The evolution of all lines of vertebrates generally required loss 
of specialization as new specialization came up. The evolution of ammo- 
аар eons vii een muc, 
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согЫс acid was а must for overcoming the stressful conditions and the species 
“with the biosynthetic ability survived competition, 

Tomsson of the biosynthetic capacity from kidney to liver : The capacity 
to synthesize ascorbic acid by асу of amphibians resided in the kidney of 
reptiles but tevasferred to the liver of mammals. The change of the site of 
synthesis from the kidney of reptiles took place when the vertebrates were 
evolving temperature regulatory mechanism and changed from cold blooded 
{тот to the warm blooded species. The capacity of the kidney tissues had 
been altered to accomodate the necessities of life on dry land. with increased 
physiological demands like regulation of ures, calcium, phosphate and other 
ions, tis possible that the relatively small kidneys became too crowded with 
these demands, 

Though the activity of L-gulono oxidase (FC No. 1.1.3.8) of kidney miero- 
somal fractions from reptiles is comparable to that of the liver microsomal 
fractions from mammals, yet the net synthesis of ascorbic acid per kg body 
weight per day would be comparatively very much lower in reptiles. This 
is because the ‘weight of kidney of reptiles is relatively small. only about 
0.13.04 per cent of the body weight, whereas the liver of mammals comprises 
about 4-5 per cent of the body weight. The transition of the biosynthetic site 
from kidney to liver was apparently the evolutionary answer for the 
production of sufficient amount of ascorbic acid for maintenance of the 
‘mammals. 

Loss of the biorynthetic ability : In the progress of evolution, the bio- 
synthetic capacity is lost in the highest evolved species. Тһе flying mammals 
эге considered to be more near to the primates. The absence of biosynthetic 
capacity in this species supports the contention. The inability of the guinea 
prinia Ое Senne nee БИ ie the guinea pig. 


occurred dy. 
‘The failure of the 
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BIOSYNTHETIC ABILITY AND NEED FOR VITAMIN MS 
Ner For ASCORBIC ACID 


* Tbe desirable intake of ascorbic acid for maintenance of health is a subject 
of considerable controversy. The minimum protective dose that will prevent 
tho development of scurvy in man is approximately 10 mg a day, However, 
available evidence suggests that the amount needed for maintenance of optimal 
health may be considerably greater than this. The Food and Nutrition Board 
of the National Research Council of the United States recommended a daily 
intake of 70-75 mg ascorbic acid for adults and 100 mg during pregnancy and 
lactation, 

In contrast to the above recommendations, recently Pauling (21, 22) suggested 
that for optimum health the daily intake of ascorbic acid for an adult man should 
be 2.3 g which could be increased to 9-10 g in ailing conditions. This is about 
30 to 130 times the dose recommended by the Food and Nutrition Beard. 
According to Pauling, the fact that most mammals can synthesize ascorbic 
acid would indicate that for optimum health the need for the vitamin is much 
more than that can be provided by the usually available foodstuff. Pauling 
considered that though man has lost the biosynthetic ability, yet the need for 
the vitamin is similar to that of other mammals capable of synthesizing the 
vitamin, including the rat. The rate of production of ascorbic acid by rat is 
28-56 mg per kg body weight per day (23, 24). Assuming that the same rate 
of production would be proper for a human being, Pauling (21) argued that 
a person weighing 70 kg should normally ingest between 1.8 р and 4.1 g per 
day, Pauling (22) further assumed that the common ancestor of man and 
other primates probably existed mainly on plant food and the average amount 
оГ ascorbic acid consumed daily by the ancestor was 2.3 p. То support this, 
he cited the example of Bourne (25) that the gorilla consumes about 4.5 g as- 
corbic acid per day. 

However, the arguments of Pauling are questionable. The results presented 
elsewhere (14), would indicate that, the biosynthetic capacity of mammals 
_ decreased with progress of evolution. Since the biosynthetic capacity would 

apparently depend on the need, it may be well assumed that the need for as- 





Pauling (22) did not consider the possibility that the need. 
se with the progress of evolution. There was little relevance to 
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Moreover, the daily consumption, of 4.5 g ascorbic acid by the gorilla and the 
hypothetical 2.3 g by the common ancestor of man and other primates could 
be just incidental through consumption of plant food and should not be con- 
sidered as requirement for the vitamin. In experiments with rats and guinea 
pigs, we did not get any extra bencficial effect of large doses of ascorbic acid'on 
growth and maintenance of the animals fed a fortified wheat diet with adequate 
intake of protein (27). 

There are, of course, some clinical reports (26) that large doses of ascorbie 
acid are beneficial in a variety of stress conditions, namely, burns, injuries, 
surgery, trauma, cold, infections, rheumatic diseases, allergies, administration 
of drugs and endotoxins and in pregnancy. Recently, we have shown (28) 
that autoxidation of ascorbic acid in presence of histamine results in rupture 
of the imidazole ring leading to biological inactivation of histamine and we 
have indicated that the beneficial effect of large doses of ascorbic acid may be 
due to its detoxification of the excess histamine produced or released in the 
different stress conditions (29, 30). la tie guine» pig, a maximum effect was 
obtained with a dose of 50 mg ascorbic acid per kg body weight per day, which 
is about 5 times the normal need of these animals. 

The function of ascorbic acid to detoxicate histamine would probably justify 
the suggestion Of Pauling for an increased intake of ascorbic acid for persons 
suffering from cold, allergy, infections and other infections and other stress 
conditions. However, the question still remains open, Are large doses really 
safe? Ascorbic acid is usually considered to be nontoxic and harmless and 
Pauling (21) has taken the view that one can take any amount of ascorbic acid 
without the least danger and he did not hesitate to prescribe a dose 30-130 
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NUTRITIONAL IMPROVEMENT AND NUTRITIONAL STANDARDS 
FOR FOODS 
В.К. Ray 
Central Food Laboratory, Calcutta. 


Much information and knowledge have been gathered оп the effects of 
malnutrition on human subject. By now it is also known how horrifying its 
effect is оп а community. Its effects on children have been dealth with ade- 
quately (1). It inhibits physical growth, and also biochemical development 
which has been found to parallel the suppressed physical development 10 а 
considerable extent, neural growth and mentation and increases the incidence 
of infection. Owing to malnutrition nearly 60% of children do not become 
youths, their nerves and brains are not very active, their intelligence is retarded 
and there is proof that the latter cannot be made good even with adequate 
nutrition in the later years. It has also been known that the corrections of the 
damage done by malnutrition is usually imposible. МеСапсе described the 
effects of matnutrition on growth, metabolism and final form (2) and Dobbing 
оа the development of nervous system (3) and brought out the findings of 
damages done by malnutrition. Though the children, and for that matter 
the pregnant and nursing mothers, are the most vulnerable in this respect male 
nutrition does harm to the community by affecting the grown-ups also in different 
ways, It affects adversely the strength of population by premature deaths ; 
it decreases the physical productive performance in all forms of occupation 
it decreases the resistances to infectidn and hence increases absentecism in 
working places. It affects, and sometimes inhibits, the development of in- 
tellect. Consideration of these adverse effects of malnutrition can be taken 
along with the accrued loss in national income and а sociologie calculation 
сап be made on this adverse economy of malnutrition. The cost of treating a 
patient suffering from malnutrition is much more than that of providing him 
а nutritionally adequate diet ; it is known from an account that such a patient 
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NUTRITIONAL IMPROVEMENT AND STANDARDS FOR FOOD M9 


Planning for an adequate nutritional status through dietary means for а 
nation will certainly include the nutritional improvement of the common. foods 
аз one of the main measures among others. Of all the foods consumed by 
man nonc except milk (albeit its iron deficiency) can give them full nourishment, 
They arc sustained by consuming a variety of foods selected from the plants 
and animals withia their reach. Because of the technological development 
and attended sophistication nutritional loss occurs іп foods (4). Flavour and 
palatability of food products may affect basic instincts and induce people to 
take foods which are less nutritious. For а number of reasons it may be diffi 
cult for a man to select a right combination of foods for him even with some 
Amount of nutritional consciousness, Nutritional improvement of foods will 
be of advantage in this difficulty by producing highly nutritious foods at a low 
cost. These brief arguments will underline the rationale for nutritional im- 
provement of foods. 

Roy advocated nutritional improvement of foods much earlier (5), The 
need is still there for India ; now it is opportune that the project is possible 
because of increased consciousness and food technologists can accomplish 
the jobs whenever called for. Without going into details and further arguments 
it can be agreed that for a country like India nutritional improvement of foods 
should invariably be resorted to wherever possible. A few types food can be 
considered for nutritional improvement briefly. 

CEREALS, PULSES AND THEIR PRODUCTS. 
Ла India at present enriched flour and atta are known and their nutritional 
along with others have been laid down in the Indian Food Rules, 
1955 (6). Two other products—multipurpoxe food and balahar—have been 
tailored with an eye to nutritional needs ; though their statutory standards 
have not been laid they are prepared under competent supervision. The bread 
is enriched with lysine, minerals and vitamins but only by a Government agency 





x 


е 


150 в. С. GUHA COMMEMORATION VOLUME 


In the U.S.A. a few nutritional standards—standard of identity for enriched 
bread, for enriched corn meals and grits, for enriched flour, for enriched farina, 
for enriched macaroni products, зай for rice—exist to regulate the level and 
módo or enrichment, 

Pulses and their powder (besan) ean also be enriched as wheat and flour, 

Eariching cereals and their products with proteins and amino-acids is another 
utility. Cereals being the main staple foods in the developing countries and 
the main source of protein in human diet, are the logical carriers for added protein. 
Worldwide cereals provide 40 million tons of protein as compared to 25 and 
12 million tons from asimal and legume sources, Isolates and concentrates 
from oilseeds, coconut, fish and single-cell proteins—and milk powder at least 
in principle if indigenous milk production can be increased—and amino acids, 
if economically synthesised and cheaply available, con be used for enriching 
powdered and prepared cereals. World protein resources have been reviewed 
and indicated in details (8), 

DAIRY PRODUCTS AND MARGARINE 

Milk is processed now-a-days ia many dairies in India specially for urban 
milk sapply, This provides an excellent medium for conveying a number of 
ашйсмз. Bouled Quid milk, toned milk and specially the low fat formulated 
and поа: dey milk can be enrich! with vitamins A and D, thiamine, ribo- 
flavin, niacin, ascorbic acid, iroa and iodine according to local exigency. 

Margarine, butter and ghe (except those used for cooking and baking) 
should b» enriched with carotene or vitamin A. Vitamin D may not bo used 
Аа thee producis being not of so much significance ; but fluid milk meant for 
infant ase should have it, Earichmeat of Vanaspati as practised in India and 
as demanded ia the Indian Food Rules (6) can be stopped ; Roy after an ex- 
tensive series of experiments on the stablity of carotene and vitamin A 
under different conditions of heating and cooking showed that a substantial 
lo of the nutrients occur though the use of antioxidants reduces the loss 
to some extent (9). 











NUTRITIONAL IMPROVEMENT AND STANDARD FOR FOODS ist 


of sucrose in an attempt to make these foods metabolically self sufficient. Addi- 
tionally these may contain cariostatic phosphates (0.5 to 1.0%) and iron. 

However, the technological aspect of enriching sugar products should be 
Considered. Usually these products receive drastic preoesing which may 
destroy significant amounts of the food nutriems and those added 10 sugar- 
containing foods as a part of the enrichment programme, Thiamine is rather 
wastable to heat specially under alkaline conditions and in the presence of 
onidiviag agents, Niacin is somehwat more stable and phosphates are fairly 
stable, Each food will require special consideration to develop the best pro- 
eedure for its cariclmsat, алі enrichment of certain types of sweets may not 
bs feasible unless change in the manufacturing process is admitted, 

Fautr proovers 

Almost all fruits provide ascorbic acid primarily and B vitamins to some 
extent ; some fruits ars alto sources of carotene. Hence logically enrichmen 
fs envisaged to provide adequate supply of ascorbic acid, carotene and 
feapy-8'-carovenal can be used to provide both colour and vitamin A value, 
Thiamine, riboflavin and niacin can be used specially to fruit products con- 
taining high concentration of sugar. 

Spectat Diereany Foo ғдооостз 

Those are designed to meet specific physiologic states and, in many sitoa- 
tions, these may constitute a necessary and specified source of nutrient supply. 
Most special dietary foods are fed to relatively sensitive biological systems as 
{illustrated by the rapidly growing human infants, the pregnant and lactating 
mothers, obese persons and the diabetic. These have to have the vitamins and 
minerals as dictated by the dietetic needs, 

NUTRITIONAL IMPROVEMENT BY DECREASING NUTRIENTS: 
“Another idea relevant in this context is ‘denudation’ or ‘extraction " 
to what enrichment purports, Endeavour should be made 
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Coxcuosios 
The pernicious еей of malnutrition on a community is fairly well-known, 
Rationale for nutritional improvement on national scale of foods has been 
briefly argued and established, it being a public health. problem of major signi- 
ficance. Possible cases of nutritional improvement have been indicated. These 
сап be put into effect in the form of nutritional standards which can be volun- 
tary or persuasive as codes of practices or obligatory. As the practice (and 
hence probably the thought and awareness) is not adequate in India—albeit 
some references of oblipsiory nutritional standards in Indian food regula- 
tions (6) ia respect of proteins and some vitamins—this article has been merely 
indicative and illustrative, If interest and activities im this regard increase, 
numerous details have to be worked out for selection of foods and determina- 
tion of nutrients requiring improvement qualitatively and quantitatively de- 
pending on the national exigency. 
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MYCOBACILLIN 
S. К. Вож 


Department of Biochemistry, Calcutta University, Calcutta 


Since the discovery of penicillin, a very effective remedy against bacterial 
diseases, attention has naturally been drawn to the isolation of antifungal anti- 
biotic to fight fungal infections both surface and systemic. By the time the 
work on mycobucillin was undertaken, a long list of antifungel antibiotics were 
already reported, but none of them obtained as single chemical enentities of 
determined structure. Mycobacillin’ was the first antifwngel polypeptide anti- 
biotic to be isolated and its structure determined. 

IsoLAnoy AND Cunasrky 

Та early fifties, ал extensive research programme, in light of prevailing fungus 
infections in eastern part of Indis, was undertaken {o screen out successful 
antifungal antibiotic producing organisms from Indian soils, vegetables and 
fruits which resulted in the isolation of one hundred seventy eight antifungal 
Organisms. They were identified and found to belong to different genera, 
Aspergillus, Penicillum, Alternaria, Steptromyces, Bacillus and. Pseudomonas" " 
A strain of Bacillus subtilis was tipped amongst these isolates as the most 
active producer of the antibiotic, later on designated as mycohscillin. 

‘The antibiotic is а cylic peptide whose molecular weight, as calculated from 
its diffusion rate through а porous membrane is 1775 (which comes to 1527, 







‘was determined by both the deamination method ond éimitro 
‘method. Determination of the chemical structure of tri ond tetra 


‘each per le of mycetsciliin, Sirco these amine 
‘once in the molecule, the brown structure of different élpg- 
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tides containing any one of these amino acids has been helpful in determining 
the possible arrangement of amino acids in tripeptides and tetrapeptides. This 
knowledge of chemical structure of di, tri, and tetra peptides has made it 
possible to fit together 15 peptide fragments from 13 amino acid residues of 
mycobacillin into an unique sequence (Fig. 1), Im the absence of a free L-amino 
group in the molecule a cyclic structure bas been deducted 

All the constituent glutamic acids of the molecule and 4 out of the $ residues 
of aspartic acid are of D-configuration, the rest of the amino acids being of L- 
variety", Thus the D-L-sequence of amino acids, in mycobacillin resolves 
itself to the determination of the D-L-sequence of aspartic acid only. The 
treatment of hydrolysates of aspartic acid containing peptides obtained from 
partial hydrolysis of mycobaeilin with D-amino acid oxidase or L-glutamic 
acid decarboxylase (containing L-aspartic decarboxylase activity) revealed L- 
aspartic acid only in two peptides and D-aspartic acid in others. Hydrazino- 
lysis shows that one such L-aspartic acid containing peptide is aspartyl-tyrosine 
and the other is (Asp. tyr) ser. Majumdar and Bose had shown by reaction 
with florodinitrobenzene that the peptides with similar R values both had 
Neterminal aspartic acid, Hence the single L-aspartic acid in mycobacillin 
must occupy oposition $ in the complete structure of the molecule shown in 
Fig. I, 

It is now generally accepted that the predominant chemical bond in proteins 
is the wpeptide linkage. Studies of naturally occurring small peptides and 
peptide antibiotics indicate that some of these have peptide linkages. involving 
the side-chains of amino acids. Mycobacillin contain seven residues of two. 
dicarboxylic amino acids riz. aspartic and glutamic acids in the molecule. Potene 
tiometric titration and chemical assay of free carboxyl groups indicate that the 
antibiotic lacks amino group but contains two free o-carboxyl groups indi- 
cating the presence of two side-chain peptide linkages, which may be cither 
В-ог yor both. Hypobromite oxidation of the intact molecule also indicates 
the presence of at least one peptide linkage. Further confirmation of vor 
other types of peptide linkage or quantitation of the number of y-peptide lin- 
рва о гоонь и also by reduction of 


om ‘The structure of the molecule so far elu- 
(dm Fig. l 
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Brosysruesis 

Studies on biosynthesis of mycobacillin was undertaken in 1961 when а 
well-knit hypothesis to account for the biosynthesis of. protein has already been 
formulated and that of small peptides like glutathione by non-template mecha- 
nism was just been confirmed’. But few informations were available at that 
time regarding the biosynthesis of antibiotic peptides except for the fact that 
RNA template is not involved in biosynthesis of gramicidin $'. In this cone 
text the biosynthesis of a peptide of the size of mycobacillin which is about one 
fourth the molecular weight of insulin possess an interesting query. Chlo- 
Tamphenicol, a well-established inhibitor of protein synthesis, inhibits both 
growth and mycobacillin formation and so its effect could not be interpreted, 
But when nucleic acid base antagonists were added at the 66th hour of growth 
in stationary culture, growth, RNA and DNA synthesis stop, whereas myco- 
bacillin production continues as usual indicating that RNA of high molecular 
weight is not involved in the formation of antibiotic. A change in the concen- 
tration of labelled aspartic acid in metabolic pool leads to a corresponding 
change in the specific activity of aspartic acid in the different. peptide fragments 
of mycobacillin molecule suggesting that mycobacillin synthesis probably 
‘occurs by linear addition of amino acids". 

A streptomycin-dependent variant was isolated from the antibiotio pro- 
ducer strain by single-step mutation process. Streptomycin inhibited the 
growth of the mutant in concentrations exceeding an optional level. 1t is also 
observed that when this mutant had been grown in presence of streptomycin 
but subsequently deprived of it, mycobacillin production remains quite normal, 
but protein. synthesis is seriously impaired. This non-interference of strepto- 
mycin deprivation, may therefore, be taken as a further evidence in support 
of the previous ocnclusion that ribosome does not take part in mycobacillin 
biosynthesis". 

‘The constituent D-amino acids of mycobacillin do not inhibit its synthesis 
in the whole cell fermetation. Studies with different non-producer mutants 
obtained by ultraviolet irradiation of the parent strain showed that none of 
the possible combinations between two mutant strains produces mycobacillin"", 

‘The cell-pool of the producer organism was found to contain four nucleo- 
tide peptides. Uracil was present in all these nuclectide peptides whose amino 
acid composition resembles that of mycobacillin suggesting a probable relation 
between the two". 

cn incorporation e labelled pay nape ш) 
strain was developed. The iyco- 
bacillin by the system is energy dependent and insensitive to RNase action", 
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ln the case of gramicidin 5 and a non-aniibiotic сус penta peptide mal- 
formin, has the enzyme system responsible for their synthesis been shown to 
be localised in the soluble supernatant of the producer organism. It is observed 
that enzyme systems participating im mycobseillia synthesis are localised in 
the soluble supernatant and ribosomes have no effect. Inhibitors of protein 
synthesis such as chloramphenicol, strepiomycin and puromycin have no effect 
on mycobacillin synthess in cell-free system, K+, NH,“ and non-mycoba- 
bacillia amino acids appear to be зеет stimulatory nor inhibitory, whereas 
mercaptoethanol stimulates synthesis, 
Enzymatic synthesis of peptide bond is a energy consuming process and 
requires participation of ATP. ln general, the ribosomal peptide bond syne 
esis occurs through the unique participation of energy rich. amino-acyl ade- 
душе formed from amino acids amd АТР. On the other hand no such genc- 
talization could be made regarding the mode of energy consumption in the 
non-ribosomal synthesis of small peptides and peptide antibiotics. ln the 
biosynthesis of small peptide like glutathione, ophthalmic acid and cell wall 
Peptide, amino acids are added in the peptide chain with concomitant break- 
down of ATP into ADP and P,, whereas the biosynthesis of peptide antibiotics 
like gramicidin S, tyrocidine requires participation of aminoacyl adenylate 
not only of Lamino acids but also of D-amino acids as indicated by L- and 
Deamino acid dependent ATP—PP, exchange", But no such D-amino acid 
dependent ATP—PP,, exchange" could be identified in the cell-free system 
of the organisms producing polymyxin, actinomycin or circulin, though they 
require ATP for peptide bond formation. 

The cazyme system synthesising mycobscillin fails to catalyse any ATP— 
PP, exchange in presence of D-amino acid of mycobucillin although D-glu- 
tamic acid is a better precursor than its Lisomer" 
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leading to the formation of cyclic peptides like gramicidine 5 or tyrocidine*, 
Now in the light of these observations оз L-proline dependent ATP—P, ex- 
change and its sequential stimulation, we have studico the condition of inhibi- 
Чоп of stimulations, caused by mycobacillin amino acids on АТР—Р1 exchange, 
initiated by L-proline and also the fate of mycobucillin synthesis by usuing 
sequential amino acid deprivation technique starting from L-proline. 

la а cell-free system'* from Bacillus subtili: В„ ATP—P, exchange was 
catalysed by L-proline at a pH otpimum of 7.2. Further stimulation by com- 
ponent amino acids of mycobscillin was inhibited by deprivation from the 
synthesising system of even a single а miao acid occurring at any point of the 
cyclic peptide. This inhibition however decreased with distance in the mole- 
оше of the given amino acid from L-proline. Peptides containing respectively 
two, three, four, five and six amino acids were isolated from the mycobacillin 
synthesising system by amino acid deprivation technique, The amino acid 
composition of these peptides, their C- aad N-terminal amino acid residues and 
also stereo-configuration"” were the same as those of peptides that would be 
‘obtained if mycobacillia synthesis occurred starting from L-proline and was 
interrupted at various points along the polypeptide chain, How the sequence 
of the polypeptide in absence of ribosomal synthesis i» determined remains still 
а mystery, 


‘SIGNIFICANCE OF ANTIBIOTIC SYNTHESIS 


It is very relevant to ask the significance of antibiotic on the life process of 
а producer antagonist. How does an antibiotic affect a producer? Reports 


оп the effect of antibiotic on producer organisms are very few. Growth in- 
hibition at concentrations much higher than those required for sensitive orga- 
nisms has been reported from various laboratories although the protoplasts 
of producer and sensitive organisms respond equally to the action of some 
antibiotics, Some times low yiclding strains are more sensitive than high 
yielding ones as in the case of S, griseus towards streptomycin". к 
1t is observed that growth of producer В, subtilis В, is not supported in a 
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bacillin, protoplasts of both the strains do so to а considerable extent, The 
permeability of cells of В. subrilis is altered to the effect that retentivity of dyes 
like methylene blue is reduced. Thus the difference regarding the response of 
the producer and the sensitive organisms towards mycobacillin appears to be 
quantitative rather than qualitative". 

Significance was then sought for in terms of basic cellular metabolism. 
Most of the bacteria that produce peptide antibiotics are aerobic spore-former. 
‘The interrelation between the two processes was suggested by different labo- 
ratories. Bernlohr and Novelli reported that the polypeptide antibiotic 
bacitracin is incorporated intact into the spore coat. Conflicting reports are 
however available, Hence it was considered worth while to reappraise the 
whole issue using В. subrilis which produces mycobacillin, an antibiotic peptide 
of almost the same size as bacitracin, 

Both mycobacillin production and sporulation are initiated in the post log 
phase of growth of B. sublitis B,, reaching their maximum by about the same 
time, Mycobacilin is released during endotropic sporulation of vegetative 
cells, though not during germination of spore in complex growth medium) 1, 
Similar observations were also obtained by Bernlohr and No 
Antisporogenic chemicals like glucose (in excess), diethylmalonate, acriflavin, 
fluoroceaic ac! ,sodium bisulfite, /phenethyl alcohol, s-picolinic acid and 

mycobacillin production." Bernlohr Novelli’, and 


chemicals. By acriflavin and actinomycin D treatment, two types of thutants, 
oligosporus and asporogenous, were obtained. Mycobacillin production 
is affected adversely in oligoyporous mutants whereas asporogenous mutants 
do not produce the antibioiic at ай. Schaeffer" also isolated several 
Sp-Ab- mutants. Sporogenesis and antibiotic synthesis whose close associa 
tion appears to be indicated by the inhibition of both the processes by common 
ibitors and also by lack of antibiotic production by asprogenous mutants 
are however completely dissociated in Sp-Ab'", and in Sp'My- mutant 
їп the authors’ laboratory", 2 
‘During sporulation specific cell wall lytic enzymes" developed which cause 
‘considerable amount of lysis of cell walls and release of constituent peptides, 





Now the amino acid composition of cell wall or spore count of В. subtilis В, 
rs both 
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Thus the close association as also disociation between sporulation and anti- 
biotic synthesis has yet to be assessed both genetically and biochemically, 
Mope or ACTON 

The genus Bacillus elaborates a number of polypeptide antibiotic. These 
are generally antibacterial whereas mycobacillin, a polypeptide antibiotic also 
elaborated by the same genus, is exclusively antifungal, A good number of 
antifungal antibiotics are known but only а few of them except those of the 
polyene type have been investigated with regard to the mode of action. Differ- 
ent polyene antibiotics seem to act by altering cellular permeability’. Poly- 
myxin a cyclic peptide not antifungal, but antibacterial is supposed to act on 
the osmotic barrier of sensitive cell“. 

Mycobacil а broad spectrum antibiotic being active against skin patho- 
‘gens, plant pathogens and also saprophytic fungi. Regarding its action on a 
sensitive strain of Candida albicans™ it has been observed that it enhances 
lag period* but does not affect energy yielding processes like respiration and 
glycolysis. Though mycobacillin slightly affects the oxidation of its consti- 
tuent amino acids, protein synthesis as measured in terms of incorporation of 
labelled leucine, serine or glycine into TCA precipitable fraction, remains un- 
altered in its presence. None of the constituent amino acids of mycobacillin 
сап antagonize the growth ‘inhibiting property of the antibiotic. It brings 
about agglutination of cells of а sensitive strain Candida elhicans, changes its 
Gram-character and causes release of UV-absorbing materials from the cells. 

Now detailed kinetic studies on mycobacillin sensitive reactions indicate 
that visible agglutination lags behind fall in viability which is also not quanti- 
tatively related to release. Thus none of the above mycobacillin-sensitive re- 
actions alone can be considered as responsible for the antifungal action of the 
‘compound. 

Tt is observed that sterols er. cholesterol, erposterol, ergocslciferol and 
also lecithin can antagonise the growth inihibitory property as well as the leakage 
action of mycobacillin; ‘The action of polyene antibiotic has also been 
reported to be antagonised by sterols and lipids. Lipid like compounds were 
паи ваа А. niger and fractionated into 

which were found to contain mainly 








айе кешнен eigen ed см addition. 
o antagonise mycobacilin action. Electrophoretic, chromatographic 
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and spectrophotometric behaviour of mycohacillin, cholesterol and lipid either 
alone. or in combination of their respective antagonising concentrations, 
indicates that antagonism might result from chemical interaction between the 
antibiotic and antagonist. Similar hypothesis has been advanced to account 
for the antifungal action of polyenes" which are chemically different from 
peptide. Studies with cholesterol derivatives and lecithin components indicate. 
that 3-hydroxyl group must be free for cholesterol to act as an antagonist and 
that unsaturated oleic acid is the renctive component of lecithin“. There 
still remain the questions regarding the chemical nature of materials released 
by mycobacillin, nature of the reactive groups involved in lipid antibiotic anta- 
‘ganisation reaction and finally the subsequent effect of this very interaction 
‘on the dynamic structure and function of membrane. 
EVALUATION OF MYCOBACTLLIN OR ITS DERIVATIVES AS AN ANTIFUNGAL DRUG 
Polypeptide antibiotics are generally to Mycobacillin is greatly ine 
activated in presence of serum which limits fix possible use as a drug. Re- 
duction in hemolytic netion of gramicidin has been variously reported. Acety- 
ation Towers antifungal activity of mycobacillin, the inhibitory concentration 
{mg/ml for the di-and tricaceryl derivatives being 35-40 and 40-48 respectively 
ак against 15.20 for mycobaciitin ; but acetylation gives complete protection 
against serum inactivation of the antibiotic whose inhibitory concentration. 
їв ineroased tenfold im its presence’. — Esterification of mycobacillin with 
different alcohols decreases its antifungal activity as otherwise observed for 
esterified subtilis, However, esterification protects It partially from inacti- 
vation by serum. An ideal derivative has yet to be looked for. 
Thanks are due to Drs. S, К. Majumdar, N, D. Banerjee, A. B. Banerjee, 
P. Bhattacharyya, Anjana Majumdar, S. Sengupta, Mr. P. C. Banerjee and 
Mr. B. Ray for their contributions in the development of the present work. 
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